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AND 

of iEj()<crtmental Science. 

JANUARY, IMO. ' 


*X\X1II. On the connexion between KJectncity and 
Vegetation. JUj Thomas Pine, Esq., Maidstone* 

• Relied ing on the known properties of the eleclrir fluid, 
and the suitabilily of plants in their relation to the surround- 
i/ig elerneiit.s to recciv<^ its inlluenee, J was led to regard it as 
hij’hly prohiihle that vegetation depends nuicli on this prin- 
ple. From the experiments of Mr. (^ivallo, as recently 
(H)nfirmofl j>y those of Mr. Stiirgeon,t I had learnt that the 
air is in a constant state of positive electricity; hence it 
S(V3med reasonable to conclude that the acute extremities of 

.•j^lants in a living growing state, must be constantly imbibing 
some portions of the lluicl, and introducing it into their sub- 
stance. 1 expected that their attractive energy mu,st be con- 
siderable, as the mutual arrangement has much the appearance 
of an immen^ie apparatus in coristiint operation ; and was 
strongly cofifirmed in my conclusion by observing that a 
cornnion blade of grass, when presented to the prime 
conductor of an electrical mi.v]hio^i» gave evident pro/)fs of a 
more potent attractive and conducing power than appeared 
in a corresponding metallic point ; the fluid appearing to flow 
toward it with less obstmetion, with a more uniform current, 
exhibiting a much brighter light, and u\ considerably greater 
distances. In some experiments made in ’•the nioath of June, 
a metallic point and a vegetable point being held eejuidistant 
I’rom the pfwme conducto|*, the vegetable point continued to 

* CoiiiiTiunicated by 'flic Author. 

+ Mr. Sturgeon favoured mft with a most obliging letter contain- 
ing ample evidence from his numerous experiments both of the 
general fact and of many interesting particulars relating to the 
subject, the contefits of which, I trust, will appear in continuation 
of the above statement, 

V'or.. IV. — No. 22, January, 1840. S 

* % 
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be illuminated till it had reai-licd at lea^l lour limes thc»d:s- 
tance at which the metallic point ceased to exhibit any light, 
that is at the distance of I'hout fourteen feet. A correspond- 
ing effect attends the pas :ing of the contents of^ a charged jar 
through a vegetalde poifi^ ; as in this case, the human body 
being a part of the circuit, the jar will be disimarged with 
almost no perceptible effect on the animal frame, , yet lea\ing 
hardly any residuum ; whereas if a metallic point be employc'd, 
the shock will be more sensibly felt, and the residuum more 
considerable. 

Hence it follows that vegetable points must be acting wilh 
a great and continued energy upon the electricity of llie 
atmosphere, either in imparling to it the electric nuiUer wliich 
it uniformly contains, or in imbibing the fluid from the at- 
mosphere, which must he as coiislantl}' afforded to it frAin 
some other source. The hatter conclusion appears by far the 
more probable ; since it is impossible to account for continual 
supplies of electric fluid from an earth in a constant state of 
negation with respect to its atmosphere ; whereas the at- 
mosphere is constantly receiving solar rays which possess 
fiO?ne if not all the properties of electric matter. There are 
so many points of resemblance, if not identity, between the 
phenomena respectively ascribed to light, caloric, and electri- 
city, that much fewer diffie\dtics will probably be found to 
attend the hypotheses that they are but different effects, 
arising from one common cause or source, than from the con- 
clusion that they arc produced by so many distinct, yet ail- 
pervading, fluids. If the ball of a thermometer be elecl rifled, 
by first moistening it for an exterior coating, \/hiIe the in- 
terior coating is formed by the mercury, a stream of light will 
shoot through the vacuum to the syminit of the tube, showing 
that the fluid is essentidlly luiuhious. Is it not then essentially 
the same wilh light, an^l does not the latter possess electrical 
properties in common wilh the former / If this be admitted, 
it appears to me that vegetation, through every stage of its 
progress, from the germinating seed to the full grown and 
perfected plant, wid he found admirably to accord with such 
influences from the sun, whether by his direct rays, or through 
the instrumentality of the air and vapours. 

The several varieties of form and properties to which 
plants are subjected in their progress, seem adapted to cor- 
responding electric influences from the respective elements.* 

* I venture to use the old term, n6t having a tetter, to designate 
the principal divisions of our atmosphere, thougU two of them are 
now well Known to be compound bodies. 
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Tluw. the sooil in tho loosened soil, the iioinled germ issuing 
from ilH» surlaee, and tho bud on iht* braiithing tree, appear 
peculiarly littjd by their acute rigidl.extreinities to receive the 
exciting inliuences of an electrified /iir, which, by its gradual 
swell’ and agitated movements, in |^Jie early spring season, 
presses agaili.st Jhem continually in successive eddies, con- 
vey it^g to e;i4‘lT of tliein some of its electric matter. It appears 
to me l^at this siyiple principle, in conjunction with an 
occasioirtil supply of the saihe fluid from vapours, together 
with their moi.^ture, will in a considerable degree account for 
the first excitement and germination of i)iants ; especially 
when it is considered that evt^ry preparation seems made for 
adapting the atmosphere thus to act on *the embryo plants at 
*this season. i‘'r{'ed from vapours by the condensing effects of 
cofd in the precc’ding winter, it is now in a pe(;uliar slate of 
dr}ncss,* and now the glancing rays f)f the sun acciiiniilate in 
it* and render it strongly cleclrieal. This aeciinmlation must 
be imich favoured by the absemte of foliage in the larger and 
more vigorous parts of the vegetalde kingdom at ibis crisis; 
Ibr the transpiration of moisture from the expanded leaf neu- 
tvali7.es myriads of solar rays, and charges the atmosphere 
with vapours; but, in consecpience of the whole class of 
indigenous plants presenting nothing but minute buds from 
their ramifying branches, no rays are neutralized, and no 
♦vapours are formed, from them. Consequently ijl those rays, 
wiiich would otherwise have been thus neutralized, are left 
fioating electrically in the pure air, or entering itj» pores in 
small portions, seryc a little to rjyse its temperature and 
swell Jts volutne, and so to aid the general effect. 

^t'hat the'rays of the sun entering the atmosphere at this 
seasipn, at acute angles with the earth, must tend considerably 
to cause them to lotlge and accumulate in the strata above 
in the form of electricity seems evident in itself, and to 
receive confirmation from the very If^rge accumulations of it 
in the polar regions at the periods when the sun is at his 
greatest distances from the zenith of the respective poles ; 
for to what more probable cause can these' agteeable and 
welcome lights be ascribed, but to a very Igtrge portion 
of tbe almost parallel rays resting in the higher and more 
attenuated regions gf the afmosphere in those quarters ; 
and thus in some degree adiiiinistering the several henetits of 
light, warmth, and electricity, to those otherwise deserted 
parts of the ght^^ie / But we are uot left to conjecture as to 
the fac’t, Mr. SkirgeoiT having' generously inrornied me, as 
the result of his numerous atmospherical experiim‘nts, that 
Hie strongest electricity exists in the air at this season, and 
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iiiicler tlie infliienee dF those colil drying winds l)y which is 
diblinguished : and this is in entire coiilonnily with the 
observations 1 liave oecjylion.dly made. The Ibllowing ( X- 
perimeut will lend to shov its inHuence on vegetation. 

On the oF April l^wved mustard seed in similai soils, 
contained in two jars, one elcetritied positively, the other 
negatively. I'he covers being removed they were both leFt 
open to the action of the atmosphere. In jour days the plants 
appeared in both jars, hut those in the negative far were 
the most advanced ; while no plants appeared till about two 
days later from a^similar sowing at the same time, iiiielectrl- 
fied. On the 12lh of May the plants in the negative jar had 
grown to 2 / inches, those in the positive jar to 2i|. inches, in 
height ; tlu»se uneleetrificd rather remaining in the ordinary * 
state to inch. I’lic electrified plants were vigorous ahd 
flourishing in proportion to their height. This result in 
favour of the plants negatively elcetritied yiust have arisen 
chiefly from tlic re/atire superiority of electric matter in the 
atmosphere ; in the case of those positively electrified the 
ahsoluie quantity was increased, but the ndativc difference 
hetw'een those and the atmosphere somewhat reversed. Hence 
it appears that, while much depends on electric inlliience, its 
positive state in the atmosphere as contrasted witli the soil 
operates most effectually on vegetation. The difference of 
more than h{jlf in lieight in favour of the former, a))Ove those^ 
in the natural stale, strongly encourages the conclusion (hat 
the const'diit accessions of electric fluid iii the atmosphere 
at the spring of vegetation constitutes its intluence, and that 
on the degrees of that influence depends in a g/cat m^Nisure 
the rapidity and vigour of its rise and progress.' A medical 
electrician, residing in this town, acquainted me wlth^thc 
follow ing particulars : — A narcissus plant when in a very weak 
and languishing slate placed in the room in which his 

powerful machine was kept in fre<pient action, soon began to 
show signs of extraordinary vigour; it grew to the height of 
36 inches, and was stout and luxuriant in proportion. Some 
branches of the moss rose, and various other flowers in the 
room, retained their colours while the seeds were forming, 
during about five weeks, and at le^igth droppecUblf without 
losing their freshness, 'riies’e and some other particulars 
which he related to me, on the c;i)rrectness of which I have 
reason to rely, show the vast advantages that might be 
expected to result from a continued powerful electricity in the 
atmosphere, accompanied with a suitable temperature and 
dryness. If a plant can he made to expand to thrice its 
ordinary dimensions, by an artificial increase of positive elce- 
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trifity, and ihiit in a confined situation, y licre tlio direct rays 
of tlic suii could hardly exert their oniinary inliuence, how 
im})urtant must he the opv'ralion of this principle, in projior- 
tion as it should seem, to the d(‘^‘rees in which it obtains! 
I>ut it^inust he hy the pr()|)er union*ol' its several proj)(nties of 
lii^ht, heat, , and electricity combined, that its giTatest and 
most salutary eti(K‘ls on plants are produced ; and accordin^dy 
hy far the ficht'st and most copious productions of the vege- 
table ki^fo-dom are found in. those climes in which the solar 
beams aie mo.'^t ahuiMlanily distributed. A very satisfactory 
proof of the eiccliic opeiaiioii of those beams appi'ars in the 
following extract Irom the Atlas, to which‘1 was referred by 
my valued friend and coadjutor, Mr. Weinkes. ‘‘ h or the double 

• purpose of ascertaining the power of .spines in modifying 
tike electric relation of the atmosphere and the earth, and in 
effecting the progress of vegetation their electric influoiicc, 
lyi. Astier insulated a sextuple spine pf the gleditzin triacan- 
thos at the top of his house, an(l brought a wire to it from an 
insulated pot, in wdiich were plant(*,d five grains of mai/e : a 
similar sow ing was made in an uninsulated pot, lor the purpose 
of comparison. The exjierimeni continued from the Olh to 
the 20th of June, including two stormy days. The electro- 
meter gave consitlerahle signs of electricity in the flower pot, 
and, hy using the coiideiisor, sparks were produced. The 
electrified grains were found to pass more rapidly through the 

* first stages of vegetation. When Hengal-rose ttees were sub- 

mitted t<J the same experiment, the llowcrs of the^electrificd 
plant appeared more rajiidly and more abundantly than in the 
other case.”^ • • 

I frust it will have sufficiently appeared from the above 
statements that the coinineiicing stages of vegetation are in 
a gl’eat degree caused or promoted by the influence of the 
electric fluid which is lodged in the dry air of our atmosphere 
at the season of germination. Additional eviileuce is, no 
doubt, highly desirable, and experiments of a more decisive 
and interesting character could easily be devised were the atten- 
tion of those wlio have good opportunities of cQiinecting the 
cultivation of plants with electrical inquiries more particularly 
directed the subject. With respect to my leading position 
of the superior conducting eilicacy of vegetable points, and 
their extensive inllu^ce on atmospheric electricity, the most 
accurate scientific proof \fill be seen in the annexed very 
obliging and jdmirable letter of Mr. Weekes. And I have 
only te add, on this head, that otir correspondence took ils 
rise from some Tiiiits he had received concerning my humble, 
J)ut I trust not unimportant, discovery, and the inferences I 
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was beginning to deduce from it. I'he ardour with whicli he 
engaged in the inquiry will best appear from his own sfale- 
ments, from whicli I shall no longer suspend the attfMition of 
your readers ; only congraAilaling them on his reuent discovery 
of the decomposition of water by vegetation, as related by him 
in the last Number bui one of these valuablg Annals of 
r^lectricily ; a discovery which must form q most intert^sting 
addition to general sciemee, as well as miK?li* assist our 
researches into the principles of^vegetati®n. * 

( To be conthiued^) 


Sandwich, May 31 , J ■•2''^. 

Dear Sir, 

Various circumstances have united to occasion a tedious 
delay in our correspondence since I last addressed you, and 
promised an investigation of your ingenious theory of electri- 
city. However, I find I have by no means had too inueh 
time for a fair and impartial examination of the subject, the 
interest of which, to me, has been such as to excite exj)eri- 
ment far beyond my intentions at the outset, 'fhe final 
result in my mind is an entire conviction that your opinions 
are well founded, and have stood tin* test of the severest trials 
to whicli they could he subjected. Thct vast Ksuperiorily of 
vegetable ovfrr metallic points in the dnusingoirandaccumu-'^ 
latiiig electric matter, is, I conceive, a subjc'cl of great interest 
and importance. A coated jar having 4(‘) inches of metallic 
surface was repeatedly . discharged by- the activity of a 
vegetable point in 4 min. Gsec. ; while the saine.jar clrirgeil 
to the same degree, required 11 min. IS sec. to free it fibm 
its electric contents by means of a metallic point: the points 
in both cases being equidistant. I find also that lleneit’s 
gold leaf electroscope (a delicate instrument) is powerfully 
afiected by a chargeil jar, at the distance of nearly 7 feet, 
when the brass cap of the instrument is furnished with a 
branch of the shrub called butdwys broom, and which I have 
found of great use in my experiments. The same delicate 
instrument w4icn mounted with pointed metallic wires is not 
perceptibly aff’ected until the charged jar approaches to within 
2 feet of the cap. I must not think of troubling you with the 
details of all that I have been abodt as regards this investiga* 
tion; but one circumstance has proved too pleasing to be 
wholly omitted. # ' * , 

Leta, fig. 1, Plate VI, represent a lafge street lamp 
in an inverted position, mounted with a brass cap d, through 
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^ which passes a stout wire c /*, having a brass knol) at/, and a 
pairW small pith halls attached to the ^irc just above the 
knob. ^ is a portable stand with two metfdlic discs, one on 
each side of the v^ire and rising to a level with the pith balls. 
h is 4 small branch of the*butchor’g broom fixed by a twine 
to 1 he?* upper extremity of the wirft c /'. 4 ’his apparatus 1 

have? for many \\itie;ks past had in almost daily use, nor can I 
('\pro:S the-j/easure it has allbrded to myself and friends by 
its rr(?(]ue^it indicat io*is of atmospheric electricity i for, armed 
with Your vegetable iletedor a ^ it has shown symptoms of 
clectiicily by the passing of clouds at a great altitude, and 
under various otlier circumstances in whirh electrometers 
Vt'illi metallic points placed by its side gave no indications 
.whatever. •'J’liis apjiears to me so decided a proof of the 
superiority of vegetable conductors, that it admits of no con- 
tradiction. 

d'he correctness of your opinions ^-especting the influence 
of electricity upon the growth of planTs, appears to me to be 
sufficiently proved by the following experiments. 'IVo small 
flower pots filled with rich mould wore taken for the purpose 
in doors. A few grains of mustard seed were sowed in each ; 
both were kept gently watered, but one pot was insulated 
and frequently electrified under circumstances which kept it, 
as it were, in an electrical atmosphere. The other pot had 
nb such attention showm to it, and the result proved what you 
•probably would anticipate. The vegetation of the eleetrifled 
seeds appeared several days before the others, and continued 
afterw^ards to grow with a much greater degree of vf^our. As 
a lover of science y^)u can easily iniijigine the pleasure those 
pursuits hav,e* yielded, and to this has succeeded an anxious 
deSire that you should speedily assert your claims, or I appre- 
hend you will lose your just title to originality. 1 send you an 
extract which lately fell ill my way; the perusal ot •which I 
hope will put you on the alert. Thetextract is from Taylor’s 

System of Philosophy,” in which the author has written a 
great deal of downright nonsense ; but still it appears he had 
somewhere obtained a glimpse of the same opinion by which 
you are animated on this subject. 

The Iq^ves of plants act as so many spicula to attract the 
electricity df the air and «o/ar rays; hence very high trees are 
so many natural couductors,* attracting a vast quantity of 
electric fluid, and, consequently, put forth a luxuriance of 
foliage proportionate thereto.” lieview of Books. Quarterly 
Journed of Sniince, October, IS26. 

You see by thisse approaches towards your theory and facts, 
you ought to lose no time in securing the just praise of origin- 
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ality, to which you ^arc doubtless entitled. My health bciii^^ 
now perfectly reston'd I am very actively engaged, or I could 
willingly have written at greater length, but must conclude 
with saying, • 

, •! am, dear sir, 
f Very faithfully jours* 

\y.Mi. \vki:k:ks. 

"J'o Thomas Pine, Esq. • 


• Woolwich, Dec. 2d, l S3;j^ 

My dear Sir, 

It is with a very great deal of pleasure that I have read 
your letter stating your intention of publishing your views on 
some of the most interesting phenomena of nature, and [icrmit 
me to acknowledge that 1 feel much honour by your selocling 
my humble authority in giving as.sistance to your cUbrls; 
and I can assure you that nothing shall be wanting on my 
part, as far as experience has enabled me to draw conclusions, 
to forward your very laudable object 

In the first place, then, I perfectly agree with you, as to 
the solution of the results of Sir II. Davy’s experiments on 
corn; for the positive pole of a voltaic battery would supply 
the animating electric fluid to the germinating st*ed in pie- 
cisely the ?,ame manner that nature sup[)lies it from the 
atmo.sphere to the ground. A.s Sir Haniphrey doe.s not state 
from what experiments made on the atmosphere” he draws 
his conclusions that ^louds are usua]ly negative,” I am 
unable to form any opinion respecting them. Mut I mi^st beg 
permission to state, that such a conclusion is (piite. at varifftice 
with the results of my experiments. It is true 1 have obteyned 
negative charges at the kite string, but the instances are very 
few indeed. Those which did occur were only whilst fieavy 
clouds passed over the kite ; the indications, both before and 
after the clouds’ transit, being invariably positive. And even 
in those temporary exhibitions of negative electricity, I am 
very far fibm concluding that the clouds themselves were 
negatively ejcctric. The indications were those of the kite, 
which was floating much lower than the clouds :‘and the air 
vicinal to the kite was cons^equcntly.the only part of the 
atmosphere explored during each experiment, which air pro- 
bably became negative or deprived of most of its natural elec- 
tricity by the repulsive force of the accumulated electric 
matter in the positively charged clouds. This assertion can 
hardly be construed into “begging the question” or “strain- 
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iiig a point;” because such phcnomcird arc easily produced by 
cxpcriipent and must necessaril} fre(|uciitly occur in nature. 

Tc> ascertain directly, the electric state of clouds, the kite 
ought to he iihincrsed immediately in those we wish to explore. 
Mo such experiments have ^et been made. 1 am of opinion 
that my kites have been nearer to the clouds than any hitherto 
employed for experiments of this kind. Many experimenters 
have contented themselves with 400 or 500 yards of siring, 
and othii's have draVn then; conclusions without employing 
any kite in their experiments, from experiments made with 
an apparatus not much longer nor very unlike an Angler’s 
Rod! ! ! The results Mdiich I have obtained from about 300 
experiment^, at nearly all seasons of the- year, and at all times 
of the day, and many at night, induce me to believe that the 
electric state of the atmosphere, with its contained 
clouds, vapours, &e., is, with reference to the earth, positive. 
l/or, notwithstanding those very rarie aberrations from the 
general results which I have noticed at the kite string during 
the transit of a ftceting cloud, iht'y appear to me (in the way 
which r think they operate) to be favourable than otherwise 
to the conclusions at which I have arrived. Moreover, I find 
from experience, that bodies generally, when in, what is usually 
(lalled, their natural electric state, have not an equable dis- 
tribution of the electric matter on every part of their surfaces ; 
but, on the contrary, that each individual body or substance, 
wlviii in this, its natural state, exhibits different electric ten- 
sions on various parts of its surface. So it is in the atmos- 
phere, that at different times, and at dilfercnt altitudes at the 
same time, different electric tension's are exhibited. 

, Afi electrical phenomena are relative, and consequently all 
our calculations respecting them, have no other basis but the 
ever varying degrees of those relations. But, notwittistanding 
the 'variations in the extent or degrees of those relations, the 
relations themselves appear to be^ constant and uniform. 
Therefore I conclude generally (and my conclusions are from 
direct experiments) that the atmosphere, taken as a whole, is 
constantly in an electro-positive state with reference to the 
earth ; and that in the atmosphere itstdf, the upper regions 
are const^^ntly electro-j)ositive with reference to all those 
situated nearer to the surface of the earth. The strata of air 
near to the earth’s shrface are therefore in an intermediate 
state of electricity with reference to the upper strata and the 
body of the earth, the earth itself being negative to the whole. 

These results, my dear sir, are, in my opinion, of a very 
decisive character ; and if you deem them of suflicient im- 
portance to be taken into consideration whilst framing your 
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theory of electro vc^et.ition (pardon me for inverting the term , 
‘‘ V(‘gelal)le electricity they are quite at your ser\ice ;*aiKl 
if you are desirous*of stating the authority, you arc [Wl’ectly 
at liberty to do so. • 

AVhilst writing this Iqtter (between six and seven in the 
evening) a tremendous tfiunderstorm passed over this* placi*. 
Half ail hour before, the sky was (piite cl^iaf, the moon and 
stars shone with great lustre. * • 

I am, Deaj Sir, • 9^ 

W ith very^great respe(!t, 

Yours ver} truly, 

• VV. s rUiKiEON. 

To Thomas Pine, 


XXXIV. On the Colours of Mixed Plates, Ihj Siii David 
Brewstku, k,gji. ^ 

Received October 25, — Read December 14, 1837. 

The colours of mixed plates were discovered by Dr. Tho- 
mas Young, t and described in the Philosophical Transactions 
for 1802, He produced them by interposing small portions 
of water, or butter, or tallow belw^een two plates of glass, or 
two ol)j(‘ct glasses pressed together so as to give the ordinary 
colours of thin plates. In this way portions or cavities of a:r 
were surrountled wuth water, butler, or tallow; and on Iqok- 
iiig thiOiigh this combination of media he saw fringes or rings 
of colour six times larger than those of thin plates that would 
have been produced had air alone been ‘interposed between 
the glasses. These fringes or rings of colour were seen Jiy 
the direct light of a candle, and began from a white centre 
like those produced by transmission; but on the dark space 
next the edge of the plate. Dr. Young observed another set 
of fringes or rings, complementary to the first, and beginning 
from a black centre like those produced by reflection. This 
last set of colours was always brighter than the first. 

The following is Dr. Young’s explanation of these two 
series of colours. 

In order to understand,” says he, this ciriumstance, 
we must consider that where 51 dark object is placed behind 
the glasses, the whole of the light whitfh comes to the eye is 

* From the Transactions of the Royal Society 4>r 1838. 

+ Since this paper was written I find that this class of* colours 
was discovered by M. Mazeas, and that his Experiments were 
repeated and varied by M. Dutour. ^ 
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, either refracted through the edges of the drops, or reflected 
fiom the internal surface ; while the light which passes through 
thoac parts which are on the side opposite Ito the dark object 
consists of ra/ys refracted as before through the edges, or 
simply passing through the* fluid. respective combina- 

tions of these portions of light exhibit a series of colours of 
different orders,* jiince the internal reflection modifies the 
intcrference*ot the rays on the dark side of the object, in the 
same milliner as in the comnipn colours of thin plates seen by 
reflection. When nofdark object is near, both these scries 
of colours are produced at once ; and since they are always of 
an o])positc nalurc at any given thickness*of a plale, they 
neutrali/e each other and constitute white light.”* 

, In so far hs I know, these observations have not been re- 
peated by any other philosopher; and subsequent authors 
Jiave only copied Dr. Young’s desermtion of the phenomena 
and ac(|uiesced in his explanation of tjiein. In taking up this 
subject I never doubled the accuracy or the generality of the 
results obtained by so distinguished a philosopher. I was 
induced to study the phenomena of mixed plates as auxiliary 
to a more general inquiry ; and having observed new pheno- 
mena of colour in mineral bodies, which have the same origin 
as those of mixed plates, and which lead to conclusions dif- 
ferent from those of Dr. Young, I am anxious that they 
sliould be described in the same work which contains liis ori- 
*ginal observations. • 

leaving experienced considerable difficulty in obtaining satis- 
factory specimens of the colours of mixed plates by using the 
substances cnyfloyecVby Dr. Young, I aoughtfor a method of pro- 
ducing them which should be at once easy and infallible in its 
effects. With this view I tried transparent soap, and whipped 
creaftn, which gave tolerably good results: but I obtained the 
best .effect by using the white of an egg beat up into froth. 
To obtain a proper film of this substance I place a small 
quantity between the two glasses, and having pressed it out 
into a film 1 separate the glasses, and by holding them near 
the fire I drive off a little of the superfluoys yioisture. I’he 
two glasses are again placed in contact, and wlien pressed 
together so as to produce the coloured fringes or rings, they 
are then kept in their phice either by screws or by wax, and 
may be preserved for nny length of time. 


* Philosophical Transactions, 1802. Dr. Young republished the 
same explanation* of mixed plates in 1807 in his Elements of Na- 
tural Philosophy, See vol. i, p. 470, 787 ; vol ii. 633, 680. 
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If we now examine with a niagniller of small powo;* the - 
thin film of alhiin^en, wo shall find that it coiitarns ll^ousaiids 
of ca\ it ies exactly resembling the strata of caxiiics which 1 
have describtMl as occurring in toya/, (jiiartz, siTlphate of lime 
and other minerals:* W'C look ihrougli the liliy at the 

margin of the flame of a candle, w^c shall perev ive tiie^two 
sets of colours described by Br. Young* the^ one upon the 
luminous edge of the fliiine, and the other on llTe dark space 
contiguous to it. "I'he first w»^ shall call the dirceff and the 
second, which are always the brighteit, the com piemen tanj 
fringes. 

It we apply a*highcr magnifying power to the alhuuiinous 
films, and bring th» edge of one of the cavities ^to the mar* 
gin of the flame, W'c shall perceive that both the direct and 
the complementary colours are formed at the very edge, the 
coni])lementary ones appearing just when the direct ones have 
disappearecl, by the w’thdrawvd of the edge Irorn the flame. 

As the colours therefore are produced solely by the Ctlges 
of the cavities, their intensity must, ca^teris parifjus, depend 
on the smallness of the cavities, or the number of edges 
which occur in a given space. When we succeed in forming 
an uniform film in which the cavities are like a number of 
minute points, the phenomena arc peculiarly splendid and wo 
are enabled to study them with greater facility. When the 
edges of these cavities are seen liy an achromatic microscope, 
and in (broc*i light, neither the direct nor the complementary 
colours arc visible ; but if we gradually withdraw the lens 
from ibe cavities a series of beautiful phenomena appear. 
When ihe vision first beefomes indistinct both the direct arultlie 
coniplenieiitary colours appear at the same time, specks of 
the complementary red alternating with brighter specks of 
the direct green light. By increasing the distance oi the 
lens from the cavities, the complementary specks become less 
and less visible, and we see only the direct green light. 

In order to study these phenomena by observing the action 
of a single edge upon light, and to ascertain the eflect of an 
edge when there v'cre no prismatic edges to refract, and no 
internal surface to reflect light, I conceived the idea of im- 
mersing thin plates of a solid substance in a fliy^l of such a 
refractive power, that the thickness of the plates should be 
virtually reduced to the same degree of thinness as the film of 
albumen between the plates of glass. The new substance 
described by Mr. Horner,t and which I sh?dl call nacrite^ 

c • 

♦ Edin. Trans, vol. x. Part I. 407. 

+ Philosophical Transactions, 1836, p. 49. 
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MuriHf,lie(l me with the means of performing tliis experiment. 

• 1 aecortlmgly inclosed the thinnest films o^t' it hetweeu two 
plates of glass^ containing balsam of capivi ; and I had the 
satisfaction of observing that the bounding edge of the plate 
and the’fluid produced the identical Afect and complementary 
colours above described. 

The bouiV-lftig Mgc which I selected for observation gave 
a bright greeii for tbe direct, and a bright red for (he covi- 
plemcntdry tint. This edgft appeared as a narrow distinct 
black line, exceeding!/ well defined, and of a uniform breadth 
like the finest micrometer wire. It consequently obstructed 
the incid(mt light and produced the phenomena of diffracted 
fringes. Those fringes, however, were modified hy the jiecu* 
•*liar circumstances under which they were profluced, and ex- 
hib'ited in their tints both the direct and complementary 
colours umler consideration. • 

•When the diffracted fringes are vie\fcd in candle-light by 
a lens placed at a greater distance from the diifracting edge 
tlian its principal focus, the middle of the system of fringes 
corresponding to the diffiacted shadow of a fibre is occupied 
with the direct lint^ which we shall suppose to he green ; and 
on each side of this green shadow, as we may call it, we ob- 
serve faintly the complementary red tinging what are 
failed the two first exterior fringes. I'his tinge of red is 
^strongest in the first fringe within the solid edg(i, or within 
the gn’cn shadow, while it is yellowish in the first fringe 
without the green shadow. These effects are inverted if we 
place the lens nearer t(' the edge than its principal focus. 

Th(^ pheiiofnena now described appear more distinct if we 
lal«3 an extremely narrow piece of nacrite, having its two 
cdgqfi nearly in contact, and transmitting only a narrow line 
of light. In this case the two red fringes within the solid 
edge finite their tints, and become a bright red ; and in like 
manner if we place the lens nearer the solid edges than its 
principal focus, the two yellow fringes will unite their tints, 
and become a brighter yellow hand. In this last case, when 
^ the two bounding edges are still nearer each otiicr; the united 
fringes, in j)lace of being yellow, will he green, or the same as 
the direct colour. , 

If we bring the edges pf two pii^es of nacriteof equal thickness 
very near each other, having; as formerly, green for the direct, 
red for the complementary colour, thv3 space between the 
edges, or between the green bands, will be faint r^.d when the 
lens is ‘nearer the edges than its principal focus, and yellow 
when it is further from them ; but if the edges are brought 
still nearer, the faint red wull become brighter, and the united 
green l/ands will take the place of the yellow one. 
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Let us now retiifn to our plate of nacrite with a shigle 
edge, havdrig gre&n and red for the two tints ; ami let us 
always suppose that the lens is adjusted tc^ ol)serve the 
ditfracted fringes, that is, that the lens is placed at a greater 
distance from the dillracting edge than its principart focus. 
We shall also suppose that the light of t!ie suu passing through 
a narrow aperture parallel to the dillVacting f*dge is substi- 
tuted for the light of a candle. I’nder thgse circunis^inces the 
central part of tin? system of llmges seen by light incident 
perpendicularly, consists of h/ue'^, green, and yellow light, 
constituting, as •it ^\ele, the shadow of the edge, the blue 
light being on the same side as the plate of nacrite, and the 
yellow rays encroacliing upon the exterior faint red band 
already described, the other red band next the blue being 
more distinctly seen. If we now incline the incident ray to 
th(! plate of nacrite ihore than OO"", the faint red band 
next the yellow gradually becomes brighter, while the other 
bands become fainter ; and at the boundary of light and dark- 
ness all the other hands disappear except this red one, which 
is the complementaru colour to the grecUy (produced by the 
union of the blue, green, and yellow bands), and the colour 
which is seen upon the dark space next the edge of the flame, 
as described by Dr. Young, if wx, on the other hand, in- 
cline tlie incident ray in an opposite direction, so that •it 
forms with the ])lane of the plate a loss angle than 90"*, the^ 
red band next the blue will now'^ become brighter ; and af the 
boundary^of light and darkness, when all the other bands have 
disappeared, the red l;^aiid wdll allbrd.the complementary 
colour to the greew. • ^ 

As the edge of the plate of nacTite is rough and unpolislfed, 
and accurately perpemlicular to the parallel faces, ther# are 
no reflected nor refraett'd pencils, whose combinations with 
one another, or with Vhc direct rays, can l)e employed to 
account for the complementary colours. The phenomena of 
mixed plates, indeed, are cases of ditiraction when the light is 
obstructed by the edge of very thin transparent plates placed 
in a mediuiTi of drfferent refractive powder. If the plate were 
opake the fringes wi>uld be exactly those which have been s o 
often described, and explained by the principle of mterference. 
But owing to the transparency of the.plate, fringes are pro- 
duced within its shadow ; and wing to the thinness of the 
plate, the light transmitted through it and retarded, interferes 
with the partial waves which pass through tht^ plate and with 
those which pass beyond the dilfracting -edge with undi- 

* Owing to the small quantity of blue rays in candle-light tlie 
blue almost disappears in it. 
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•niiiiifthod volor'ity, and modifies the usual sj^stem of fringes 
^ ill the manner which we have deseribcd. • 

As the plate of nacriie diminishes in thickness, or as the 
fluid in which it is immcrsad approaches to it in refractive 
d(Misity,* the central coloured baiidsj whose union constitutes 
the ^direct tint,, will diminish in nuin!>cr, and descending 
gradually in, the scale will finally disappear when the lelarda- 
tioii produced by the plate does not perceptibly alter the 
phase or the ray. \\ hen tlft^ plate, on the other hand, in- 
creases in thickne.'sS, *or the fluid diminishes in refractive 
power, the ceniral bands will become closer and more nume- 
rous, and will Anally resemble the fringes within the shadow 
of the ordiiiiwy system. • 

When the plate of nacrilc is thicker at one place than 
a:iolher by the partial removal of a paralh^l film, the edge 
where the increase of thickness takes^dace pKnhiccs exactly 
the same phenomena as the edge of thfi film tiiat is removed, 
or of the film that is elevated above the general surface, and 
hence we arc led to look for the phenomena of mixed plates 
in minerals, such as sulphate of lime and nitvM, where a plate 
of two different thicknesses can be easily obtained. I have 
accordingly discovered the phenomena of mixed plates dis- 
tinctly exhibited in sulphate of lime and mica. 

A more splendid exhibition of these colours is seen when a 
stratum of cavities of extreme thinness occurs in. sulphate of 
lime* I have observed such strata repeatedly in the gypsum 
from Mont-rnartre ; but they are most beautiful ^heii the 
stratum has a circular form. In this case the cavities are 
exceedingly thin at the circumference of the circle, and 
graiually increase in depth towards the centre, so that wc 
have^ series of edges increasing in thickness towards a centre ; 
the very reverse of a mixed plate, sucJi as a film of ^bumen 
press(?d between two convex surfaces. ^The system of rings is 
therefore also reversed, the highest order of colours being in 
the centre, while the lowest are at the circumference of the 
circular stratum. In many strata of cavities, such as the one 
which r have engraven in my paper on the*new flfiids in ini- 
*nerals,* the cavities are too deep to give thecoloiy-s of mixed 
plates. *• , 

Another example of, the coloilrs of mixed plates in natural 
bodies occurs in specimens qf mica, through which titanium 
is disseminated in beautiful flat dendritic crystals of various 
degrees of opacity and transparency. In these specimens the 
titanium* is often dissemmated in grains, forming an irregular 


* Edinburgh Trans.actions, vol, x. Plate II. fig. 33. 
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surface. The edgee of these grains, by retarding the 
which they transiyit, produce the direct and coniplejncntary 
colours of mixed plates in the most perfect manner, the tints 
passing through two orders of colours, as the graftis of titanium 
increase in size towardsithe interior of the irregular, patch. 
I have observed another example of these colours in the deep 
cavities of topaz, from which the fluids hafve cither escaped, 
leaving one or both of the surfaces covered with*minute par- 
ticles of transparent matter, or ii> which tRe fluids ha\^suttered 
induration. 

AUerhj by Melrose, 

October IsM, 1837. 


XKXV. Sparks obtained from the secondary coil after the 
current being made 4 o pass through water. In a letter to 
the Editor. By W. H. Hai aSii, Esq. 


Sir, 

There is a fact connected with voltaic electricity which I 
believe has never as yet been published, and as it proves the 
intensity of the secondary current in a remarkable manner 
perhaps you may think this letter worthy a place in your next 
iiunil)er of ‘‘ the Annals.” 

ft is well known that if we separate the two extremities of 
the secoiylary coil at the same moment that one of the primary 
wires of a shock apparatus is disconnected wdth the battery, 
that a s])ark will l)c visible on the secomlary wire as w'ell as 
on the primary wire, but in this case metallic* contacUof the 
secondary wires has hitherto been considered necessary to 
produce^ the effect. During a course of experiments in which 
I have lately been engaged, I imagined that the secondary 
current was sufliciciitl^ intense to give a spark after passing 
through water containing a very minute portion of common 
salt, I accordingly put rny revolving apparatus to work using 
only one pair ©f cylinders both for causing the revolutions, 
shocks, and sparks. I then placed one end of the secondary 
wire in a glass of water, and about one inch from it 1 placed 
a file in a perpendicular position ; the other end of the secon- 
dary coil I drew up and down this file.*^ The revolving appa- 
ratus w’as going at the rate of 900 rounds per minute and gave 
two shocks each revolution. Immediately Ifouched the file 
with the secondary wire I observed a spark, and .by con- 
tinuing the motion of the wire on the file [^obtained them by 
scores. I'hosc who are not in possession of a revolving appa- 
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• 

ratus or a coiilacl breaker may perform the experiment in the 
folfewing manner : affix to one of the plotes of the battery a 
file, and to the other plate affix one end of the primary wire 
coil ; then irysert one end of the secondary coil in a glass of 
water containing a very small quantity of common salt or 
sulpbiTric acid, and place a file in the same glass about one 
inch distant freyn the immersed wire. Now let an assistant 
draw the otht?r en(l of the primary wire across the file attached 
to the battery, whilst the operator draws the other end of the 
seconrlUry wire across the d^y part of the file in the glass. 
Sparks will soon be^perceiied on this latter file and a por- 
tion of the water will be decomposed, keeping the file 
and the wire one inch or more distant from each other in the 
water, it is«evident that the current ha^to pass through that 
space of water previous to obtaining the spark, thereby proving 

THAT METALLIC CONTACT OF THE SECONDARY WIRES NOT 
TO iu<: NECESSARY- I have no dou4)t that a spark could be 
ftikcn after the current passing through one’s body ; but this 
experiment I do not like to try, neither can I get any of my 
friends to try it, my shock apparatus being very powerful. 
I'he battery I used was composed of cylinders immersed in a 
two quart pot, sulphate of copper being in contact with the 
copper, and a solution of common salt in contact with the 
zinc. 

• The size of the spark is much increased by increasing the 
• number of cylinders which perhaps is unnecessary for me to 
mention. With ten pairs I have obtained very brilliant sparks. 
When the spark is to be produced from one pair the experi- 
ment should be performed in the dark. If these few lines 
shoujjl meet your approbation sufficient for their insertion you 
shall again liear from me, having several things to communi- 
cate which I believe would prove interesting to your readers; 
particularly a method how to increase the intensify of the 
coils, and also a new theory to explain why a small pair of 
plates, introduced into a circle, brings the action of the whole 
battery to that standard, De la Rives explanation of it being 
in my opinion unsatisfactory. Can you recommend me a 
recently published work which treats principally of the physio- 
logical effects of electricity. 

*• , I am. Sir, 

^ • Yours respectfully, 

^ WILLIAxM H. HALSE. 

Brent ^ near Ashburton, 

Nm\ 27^A,*l830. 


T 
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XXXVI. An Account of some e.rpermwnts made for *the 
purjmsc of asceftaining how far Voltaic Electricity may 
be usefully applied to the purnose of icorking in metaL 
By Mr. Thomas Spk^jjer. 

Prefatory, 

Having made known, about three months ago, -at a meet- 
ing of the Liverpool Polytechnic Society,* that I intended to 
have brought the subject of the following paper before the 
Jlritish Association at its liiriningham meeting, J d(‘em it a 
duty I owe myself, —and perhaps the public, — to state the 
reasons why I have npt done so. 

About a month previous to the meeting, I wrbte to Pro- 
fessor Phillips, the general secretary, informing him of ihjs, 
and two other papers I was desirous of laying before the As- 
sociation at its next meeting, and requesting to know what 
forms were necessary to* enable me to do so. 

I received a very obliging answer in return, intimating 
that two of my papers would be read at the t'hemical Section ; 
but the one which is the subject of the following paper would 
be read at the Mechanical one, as it was deemed a portion of 
the process related to that science; also, that in the event of 
my non-attendance they would be read in my absence, by 
forwarding them to the secretaries of the different sections, 
as he would make notes to that effect. 

Nothing could be more satisfactory. I, however, wenf to 
Birmingham on the Monday of the week of meeting, and 
immediately paid my subscription for the ensuing year, which 
entitled me to all the privileges of a member,— iiiqluding^ that 
of reading pa])ers, if so disposed. 

Having satisfactorily completed my business at the Choani- 
cal Section, I at once proceeded to the Shakspeare Rooms, 
where the Mechanical oae held its meetings, and inquired for 
the secretary. 1 was shown to a Mr. Carpmall. After inti- 
mating my business I inquired when I should be called on, 
that I might be in readiness. I was told that a note had 
already been made* of it, and to hold myself in readiness on 
Thursday morning, as my paper would be calle<J on first. 
With this I was perfectly satisfied; but on Wedneffeday, when 
the papers for the following day, as is usual, were announced, 
I could not find my name or papertin the list. I at once ad- 
dressed a note to the secretary, thinking he had forgotten our 
previous arrangement and reminding bim of it. I attended 
next morning at the appointed time, prepared, if called on ; 
but on entering the coiiiiuittee-room, I was informed by 
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ftir. Carpnmll lliat my paper could not. be brought forward, 
giving as a reason, that “ I was (juilc uiiknowu.” On asking 
wliat this meant, [ w'as told that I was a*inau of no scientihe 
reputation, •'and more especially unknown to himself and the 
acting president of the section, Di^ J-iardner; also, that there 
were so many important papers to be brought forward by men 
of ackiiowl(;d^cd reputation, that there was no chance for 
mo/ • 

tlie scctioti had clgsed its labours for the day, seeing 
Or. Lardiier in the room, I mentioned to him, as president 
of the section, the arrangements that had been entered info 
with me by the secretary respecting my t)aper. llefore he 
heard more than a few words, he told me he had nothing 
whatever lo do with it, and haughtily turned away, adding 
something about valualde time. 

Under these circumstances I c(juld not bring forward the 
.paper : but , liad it not been for thp unavoidable absence of 
IVofessor Pnillips, I am quite sure the engagements entered 
into with me would have been kept. 

In conclusion I may add, I can find no fault with arrange- 
ments that might be made by any Society to select such sub- 
jects as a C'ommittee might deem proper to be laid before its 
members and the public, as otherwise much valuable time is 
often likely to be lost, — it requiring no small portion of scien- 
tific learning to be acquainted with all that has been done on 
luost subjects, and without this knowledge we* are too apt to 
stumble on what may have been years before the jpublic. But 
in the instance I have related, neither the Committee nor 
Secretary were aw^re of the views d had taken of the subject 
1 w^s desirous of illustrating, as they never once asked to 
look over my paper. Had they done so, it would have been 
atftheir service. ^ 

It is two years since I began to experimentalize on this 
subject. I then made mention of It to a few friends, (some 
of whom are connected with the public press in Liverpool,) 
but strictly enjoined them not to make it public until the ex- 
periments were matured. At the same.time I,showed some 
results obtained by this process. About four months ago a 

• 

* T may state that on the day sii question, a gentleman was allowed 
to occupy the section T[>y a description of the method he had adopted 
to cure his chimney from smoking. I mention this, — nothcioause it 
was unimportjqit, — but because it had not even been announced. 'Hie 
alleged reason was that the section were on the subject of smoky 
chimneys. IloMTever, I concluded he was a man of known scientific 
^reputation, — although 1 have since forgotten his name. 

T2 
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paragraph appeared injho Athenremn, staling that Professor 
Jacobi, of Si. Pelcr.'sburgh, liad received a grant of ipoiiey 
from the lOmperor, to enable him to make experiments on 
engraving by galvanism, as he had been enabled to preserve 
fine lines in relief by this pijnciple.**! accordingly conclyded 
that he was engaged in experiments analagous to my own,: 
hut having gone much farther than merely ppoducyng lines in 
relief, I at once made it public, and showed specimens of the 
results I had obtained in diirereni, experiftnmts. — I’HW was 
done at a meeting of the Liverpool Polytechnic Society ; 
some of the members of which the?) spoke to their knowledge 
of my having beeiPcngagcd on this subject fora considerable 
period. 

1 am not aware that Professor Jacobi has made his process in 
any way public: but if I am to judge from some specimens fc 
saw a few days ago in Birmingham, in the model room, pro- 
duced by it, r should be inclined to think that he has made 
small progress in this subject, — one of the specimens being a 
plate of copper precipitated on another, which he lias been 
unable to get off*; the printed description staling that/Uhrough 
some particular circumstance they adhere together.” It will 
be seen, in the course of the following experiments, that I early 
arrived at this point which has also been easily and completely 
surmounted, t 

I entertain no very sanguine notions as to the future g07)e- 
rnl applicatioif of this method of operating upon the metals 
nioni especially copper. This must be entirely left to the 
practical engraver and printer, 

% I 

* See a notice of Jacobi’s experiments at p. 507 , vul. 3, of these 
Annals. Edit. 

f I cannot help fnulingsonie fault with the mode adopted by tjie 
professor (cr, it may be, injudicious friends), of announcing his dis- 
coveries. About twelve months ago, I imagined that 1 liad dis- 
covered a method of ohviati^fg, hy simple inean.s, the great diificnlty 
in the construction of electro-magnetic Engines; but, on seeing seve- 
■ ral paragraphs from time to time in the newspapers, professing to 
he co|)ied from letters received from St. Petersburgh, stating that 
Dr, Jacobi had succeeded in constructing engines of considerable 
power, on this princijde, 1 at once gave up my researches on the 
.subject, thinking the thing already done. , It is only a 4ew weeks 
since a statement appeared (in a Liverpool paper, — on the authority 
of a letter receivctl by Profes-^or Wheatstone from Di». Jacobi,) that 
he had an electro- magnetic machine, of forty-horse power, at work 
on the Neva; but, since, it a])pears another letter states he had 
hoped only to have such an engine by this 'period,^ and still 'hopes 
hy next year to accomplish his object — but has not as yet succeeded 
with one of three-horse power. , 
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• The question with them will he, — li? it choajx'r and hotter 
than The incthcds in coninioii use f It may uovv he answered 
— (jlive it /I fair trial: the way is pointed cut —jmetiee will * 
no, doubt enable you to improve imon the methods whioh su^- 
gesttd themselves during the experimental investigation de- 
tailed in the fo lowing pages, and most probably may realise 
an oxle-tidt^d fiAd of practical utility for the peculiar mode 
uf oj^'^ation which has been the result. 

1 leel assured, ho^vever,\hat, in the arcana of many trades 
and l)ranches of art, this process wdll be found an impoitant 
additioii — supplying as it does a means of producing a cast, 
or a the, in hard metal, trithoui. the ageneij of heat or pres- 
sure^ and in extreme perfection and well-dellned sharpness. 
^Nor, (I need hardly observe) is its application confined to 
copper only. 

in addition to the applicability df this process, in procuring 
' exact fac similes of coins^ or uMals^ with all the lineal 
sharpness of the original, perfect copies may be obtained of 
bron/.ed figures ; nor do they require chasing when taken out 
— nor do 1 apprehend inconvenient limitation as regards their 
si'/e. 

Assuming it to be advantageous to publishers of music to 
have their plates in reliefs by this process they will be 
• enabled, in the original engraving, to have them so. 

I have seen nothing in wood engraving tli^^t might not be 
produced in copper, in relief, by this means ; the chemical 
plates might, possibly, require retouching to a Small extent, 
l)ut, with careful manipulation, twenty or thirty such plates 
might he taken from one mould. 

• 1 may nicntion that the advantage of being able to produce 

a^given effect from a plate in relief would be very considerable, 
as ten printed impressions may frequently be taken, in the 
time occupied in producing one ^hy the ordinary melhod 
from a copper-plate. Plates in rc//c/* might also frequently 
he printed off in the body of the "work — which, in point, 
of economy, would he a very considerable advantage. 

In the formation of that importarft bnpfement in the 
manufacture of printii^ types — the matrix or mould,— 
advantages in the adoption of this operation appear to ])rescnt 
themselves. And. I am assured by the printers of this 
pamphlet, that it gives ^iv promise to supply several impor- 
tant desiderata in the art of printing, and in its attendant 
operations,— nnore particularly in the stereotype process. 

In general,*— I feel convinced that it exhibi^s many pro- 
mising indications of utility, should no obstacles in a pecuiii- 
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ary point of view present themselves, on occasion of ut(eni[)vs 
to extend the application of the discovery. 

" In the following paper I have detailed a few of the most 
illustrative experiments made during the investigation, trust- 
ing that they might be fount! interesting, not only to tlie ge ne- 
ral reader, as illustrating the progress of tliscovcry, hut to the 
future experimentalist, in pointing out to him the, methods 
that have best succeeded, as well as those ^he ought t(^ avoid. 
In all cases 1 deem details of chenrical experiments esselflially 
necessary ; as one apparent trifle omittea, is more than likely 
to retard the laboiy s of the future practitioner. 

Having made many experiments on a larger scale than 
those detailed, since w At ing the following paper, Itshfill, at 
its conclusion, detail the methods to be adopted under 
difTcrenl circumstances. 

First : — To engrave hi relief on a plate of copper. 

Second: — To deposit n voliaic copper-^platCy having the 
lines in relief. 

Third: — To obtain a facsimile of a medal (reverse or 
obverse J, or of a bronze cast. 

Fourth: — /b obtain a voltaic impression from plaster or 
day. 

Lastly : — A method of mvUiplyin g the n umber of already 
engraved copper-plates. This last promises to be of vast- 
import, — niore^ especially in the Potteries, as there they 
require, in many instances, eight or ten copper plates of -a 
similar patUni. By the method I shall jxunt out, I can seti 
no reason why they should not be able to mullijily them ad 
infinitum. • * • 

I shall also give some rules for the managem(?nt of^tli^ 
apparatus, which my experience of the process has suggested. 

When Lhavedone this, I shall then have laid before tTie 
public the result of many an anxious— and, I may add, 
pleasant — hour: each experiment re([uiring a considerable 
lapse of time for its development ; but when attended with 
" success— no words of mine can convey the pleasurable feel- 
ings coupled with such a result. 

I have been led on, by the fond hope that the present 
simple discovAy may be the foundation of a vast*, structure 
of Synthetic Chemistry, which rts perhans destined, (at no 
distant date), to imitate, for the uses oi humanity, all the 
most wonderful, hut apparently complicated, elaborations of 
Nature. • 
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PAPER. 

Notice ffiroM May the 8^A — read September the \2th^ l839. 

• lliiNUY liooTi?, KsQ. ill llic Chair. 

Tn tlin p ij)?*!* 1 liHVo now the honour to lay before the Society, 
I do noj^ pro-css to have brought forward a perfect invention. 
My Oi’ffy object is to point ftul a means by which, I hope, 
piaclicrd men may ulfimatcly be enabled to apply a great ami 
univiTtal primriple of nature to the iisefuj and ornamental 
purposes of life. In this I may be considered sanguine, — an 
error, I an* aware, too often fallen intb by those, who, like 
myself, imagine they liave discovered an useful apidication of 
an important principle ; but however this may fall out, 1 now 
proceed to lay an account of its lesiiits, successful and unsuc- 
cessful, before the members and ‘the public, — previously 
stating, however, that all my first experiments were made on 
a small scale ; a method of procedure attended with many ad- 
vantages to the experimentalist himself, but having its dis- 
advantage when laid before the public. Tn this first respect, 
the chemical experimenter has a decided advantage over the 
mechanical one ; the success of his experiment, when tried 
gn a small scale, doubly guarantees its success, if conducted 
on a still larger — with mechanical results 1 bejieve in most 
instances it is'the reverse. But, when the chemist produces 
his microscopic proofs, the public are generally slow to believe 
that such minute appearances should warrant him in coming 
to ar^ gerieml conclusion, • 

« In September, 1837, [was induced to try some experiments 
in Electro-chemistry, with a single pair of plates, consisting 
of a small piece of zinc and an equal sized piece pf copper, 
comiected together with a wire of the latter metal. It was 
intended that the action should be slow ; the fluids in which 
the metallic electrodes were immersed were in consequence 
separated hy a thick disc of plaster of paris. In one of the 
cells was sulphate of copper in solution, in the other a weak 
solution of common salt. ^I need scarcely add that the copper 
electrode w^as placed in the cupreous solution. 1 mention this 
experiment, briefly, — not because it is directly connected with 
what I shall have to*lay before the Society, but because, by a 
portion of its results, I waS induced to come to the conclusions 
I have done in the following paper.* I was desirous that no 
• 

* The experfment here alluded to was to deteririine a most im- 
^'>ortani point — and as it has an intimate connexion with the future 
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action should take pface on the wire by which the electrodes 
were held together? To obtain this object I varnishcd*it witli 
sealing-wax varnish : —but, in so doing, 1 dropped a pordori 
of it oil the copper that^was attached. I thought nothing of 
this circumstance at the ftionient, but put the experiin’cut in 
action. ^ • 

The operation was conducted in a glass vessel*; •! had con- 
sequently an opportunity of occasionally examining tits j)ro- 
gress. When, after the lapse of^a few ^ays, metallic crystals 
had covered the copper electrode , — irith the exception of that 
•portion whiirh had been spotted with the drops of varnish, I 
at once saw that 1 had it in my power to guide the metallic 
deposition in nny shape or form I chose, by a coitespoiiding 
application of varnish, or other iioii-mctallic substance. 

I had been long aware of what every one who uses a sus- 
taining galvanic battery Vith sulphate of copptn- in solution 
must know,— that the c6pper plates acquire a coating of cop- 
per from the action of the battery; but I had never thought 
of applying it to a uselul purpose before. My first essay was 
with a piece of thin copper plate having about four inches of 
superfices, with an e(iual sized piece of zinc, conneijted together 
with a piece of copper wire. I gave the copper a coating of 
soft cement, consisting of hccs’ w ax, resin, and a red earth — 
Indian or Calcutta red. The cement was compounded after 
the manner recoin mended by Dr. Faraday in his work on 
chemical manipulation ; but with a larger proportion of w’ux. 
The plate^ received its coating w4iilc hot. On cooling, f 
scratched the initials of my own name r^udely on the plate, 
taking special care that the cement was quite removed from 
the scratches, that the copper might be thorouglily cxpose^l. 
This was put in action, in a cylindrical glass vessel about half 
filled with a saturated solution of sulphate of copper. I then 
took a common gas glasj?, similar to that used to envelope an 

application of the results detailed in this paper, I may be excused 
in oriefly alluding to it here. In fact no experiment can be made 
with any certainty, without keeping its results in view. 

In September, 1837, at the Liverpool meeting of the British 
Association, a' clever young demonstrator (Dr. Bird, ,of London) 
asserted that in an experiment he jiad nrade, he had obtained crys- 
tals of pure copper withoutihe intervention bf a mctall'c nucleus to 
commence with. I doubted this at the time, as it was opposed to 
all former exjierience. However, I made several very careful ex- 
periments, following Dr. Bird’s plan' in all he stated; then varied 
them in order to give it every chance of success.* The result was 
that wo metallic crystallizntum will take place^ unless a metallic or 
metalliferous nucleus he present. 
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*Arga^Kl burner, and filled one end of it with plastef of paris, 
^ lo the depth of three-quarters of an inch. Iti this I put some 
water, adding ^ few crystals of sulphate of sofla to excite 
action, the plaster of paris serving as a partition to separate 
the fluids, but sufficiently porous to allow the electro-chemical 
fluid' to permeate its substance. 

I now benU the wires in such a form that the zinc end of 
the arrajigement should be in the saline solution, while the 
copper end should be iji the cupreous one. The gas glass, 
with the wire, was then placed in the vessel containing the 
sulphate of copper. , 

It was then suffered to remain, and in a few hours I per- 
ceived that jftition had commenced, and that the portion of 
"the j: ()pper rendered bare by the scratches was coated with the 
laire bright deposited metal, whilst all the surrounding portions 
were not at all acted on. I now saw Iny former observations 
realised; — but whether the deposition so formed would retain 
its hold on the plate, and whether it would be of sulficient 
solidity or strength to bear working if applied to a useful pur- 
pose, became questions which 1 now endeavoured to solve by 
experiment. 

It also became a question v/hether — should I be successful 
in these two points — I should be able to produce lines suffici- 
ently in relief to piiiit from. This latter appeared to depend 
entirely on the nature of the cement or etchiqg-ground I 
might use. 

This last 1 endeavoured to solve at once. And (I may 
state) this appeared to be the principal difficulty ; as my own 
impresjion thefi was, that little less T;han one-eighth of an 
inch of relief would be requisite. 

I tjien took a piece of copper, and gave it a coating of a 
inodification’'of the cement I have already mentioned, k> about 
one- eighth of an inch in thickness ; apd, with a steel point, 
endeavoured to draw lines in the form of net-work, that should 
entirely penetrate the cement, and leave the surface of the 
copper exposed. 13ut in this I experienced much difficulty, 
^ from the thickness I deemed it necessary ter uSe ; more espe- 
cially, when I came to draw the cross lines of the net-work. 
When the cement was soft, Ite lines were pusheU as it were 
into each other ; and y hen it vms made of harder texture, the 
intervening squares of the ngt-work chipped off the surface of 
the metallic plate. However, those that remained perfect I 
put in action as before. 

In the progress of thfs experiment, I discovered that the 
solidity of the metallic deposition depended entirely on the 
wfiakness or intensity of the electro- chemical action, which I 
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found [ had in mypower torc^rulate at pleasure, l)y (he t*!iick-* 
ness of the infeivenint^ wiill of pla.-^»(er of p-ftris^ ami by (he ^ 
coarseness and fineness of the material. I machi thr<?e similiir 
experimenls, altering the texture and thickne^.s of the plaster 
each time, by which J ti.A*ertained that if the plasler partitions 
were thin and coarse, the metallic deposition proceeded -wit li 
great rapidity^ but the crystals were friaBlo cIAkJ easily sepa- 
rated ; on the otlier hand, if I made the partition f Jjicker, and 
of a little finer material, the aeflion was much slowet^ and tli<i 
metallic deposition was as solid and cRictile as copper formevd 
by the usual methods, — indeed, when the action was exceed- 
ingly slow, I have had a metallic deposition apparently much 
harder than common sheet copper, but more brittle. 

There was one most important, fand, to me, discouraging! 
circumstance, attending these experiments, whicli was, tliat 
wlien I heated the plates, to get off the covering of cement, 
the meshes of copper net- work invariably came off iclihf it. 

I at one time imagined this difHculty insuperable, as it ap- 
peared to me that I had cleared the cement entirely from the 
surface of the copper I meant to have exposed, — but that 
there was a dillercnce in the molecular arrangement of copper 
prepared by heat, and that prepared by voltaic action, which 
prevented their chemical combination. However, I then 
determined, should this prove so, to turn it to account^ in 
another mapner, which I shall relate in the second portion qf 
this paper. 

I thei» occupied myself for a considerable period in making 
experiments on this latter section of the subject. 

In one of them I fotind, on examinalion, ft portion of the 
copper deposition, which I had been forming on the surfa#?e of 
a coin, adhered so strongly that I was quite unable to get it 
off, — indeed, a chemical combination had apparently taken 
place. This was onlj in one or two spots, on the prominent 
parts of the coin. I immediately recollected that on the day 
I put the experiment in action, I had been using nitric acid, 
for another purpose, on the table I was operating on, and that 
in all probability 4he coin might have been laid down where a 
few drops of the acid had accidentally fallen. I then took a^ 
piece of coilper, coated it with cement, made a few scratches 
on its surface until the copper appeared, and immersed it for 
a short time in dilute nitric acid, until 1 perceived, by an 
elimination of nitrous gas, tha! the exposed portions were 
acted upon sufficiently to be slightly corrode. I then washed 
the copper in water, and put it in ac'tion as^before described. 
In forty-eight hours 1 examined it, and found the lines were 
entirely filled with copper. I applied heat, and then spirits 
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of turpentine, to get off the cement ; and, to my satisfaction, 
t! found that the voltaic copper had conipliitely combined 
itself with the sheet on which it was deposited. 

1 tlicn gave a plate a coating of cement, to a considerable 
tliickness, and sent it to an engraver^j but when it was re- 
turned* I found the lines were cleared out so as to be wedge- 
shaped, or sonievhat*in the form of a leaving a hair line 
of the coppey exposed aj the bottom, and a broad space near 
the surfaced; and where the tufn of the letters took place, 
the lop edges of the lines were galled and rendered rugged 
by the action of the graver. This, of course, \j[as an impor- 
tant objection ; which I have since been able to remedy, in 
some respects? by an alteration in the sha*pe of the graver, 
A\‘nich should be made of a shape more resembling a narrow 
paralfelogram than those in common use, — some engravers 
have many of their tools so made. I did not put this plate in 
action, as I saw that the lines, when in relief, would have 
been broad at the top and narrow at the bottom. I took 
another plate, gave it a coating of the wax, and had it written 
on with a mere point. I deposited copper on the lines, and 
afterwards had it printed from.* 

1 now considered part of the difficulties removed: the 
principal one that yet remained was, to find a cement or 
etclwng-ground, the texture of which should be capable of 
being cut to the required depth,t without raising (what is 
tochuically termed) a fmrr, and, at the same time, of sufficient 
t(aighness to adhere to the plate, when reduced to u small 
isolated point, which would necessarily occur in the operation 
which wood-engravers* term cross-hat clfing. 

► 1 U’ied a number of experiments with different combinations 

of wax^ resins, varnishes, and earths, also with metallic oxides, 
— all with more or less success. 

The \jne combination that exceeded all the others in its tex- 
ture, having nearly every requisite (indfeed I was enabled to 
polish the surface nearly as smooth as a plate of glass), was 
principally composed of virgin wax, resin, and carbonate of 
lead — the white lead of the shops. • • 

• With this compound I had two plates, 5 inches by 7, 
coated over, apd portions of maps cut on the cemeilt, which I 

* 

• 

* Tliis plate was shown, and plso specimens of printing from it. 
+ [ have since learnt, from practical engravers, that inucli Iftss 
relief is necessary, to print from, than T had deemed indispeiisible; 
and that on becoming more 'familiar with the cutting of the wax- 
cement, they would be enabled to engrave in it with great facility 
and •precision. 
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had inleiidod feh(hildhave been printed off and laid hofbie the 
British Association at its meeting. 1 applied thtf same pro 
cess, to these, as to others — dipping them* in dilute nitiic 
acid before putting them in action: indeed 1 sutrereddhem to 
remain about ten mmutes in the solution. I then pul tlumi 
into the voltaic arrangement. The action proceeded, 'slowly 
and perfectly, for a few days, — when I renioved them. 1 
then applied heat, as usual, to remova the cemen' , — when all 
came away as in a former instance ; ^the voltaic coppm- peeling 
off the plate with the greatest facility. 1 was much pu/zzied at 
this unexpected result, but, on cleaning the p.ate, I dis- 
covered a delicate tracing of lead, exactly corresponding (o 
the lines drawn on the cement picvious to the imiiicrsion 
in the dilute acid. The cause of this failure was at onct^ 
obvious; the carbonate of lead I had used to compound 
the etching-ground * had been decomposed by the dilute 
nitric acid, and the metallic lead thus set free had deposited 
itself on the exposed portions of the copper-plates, preventing 
the voltaic copper from chemically combining with the sheet 
copper. I WHS now obliged with regret to give up this com- 
pound — although, under other circumstances, I have no doubt 
it may be rendered available. — I adopted another, consisting 
of bees* wax, common whiling, resin, a small portion of gum, 
and plaster of paris. This seems to answer the purpose tole- 
rably — thougli I have no doubt, by an extended practice/ a 
better may still be obtained. 

1 no^ proceed to the second, and I believe the most satis- 
factory, portion of the subject. Althoiigh I have placed these 
experiments last, they were made simultatieously jvith the 
others already described; but, to render the subject •more 
intelligible, I have placed them thus. * 

1 h*dve already stated that 1 was desirous of executing me- 
tallic ornaments by ihis means, in either cameo or iiitaglio ; 
but, being well aware of the apparent natural law which pre- 
vents metallic deposition by voltaic electricity, without the 
presence of a metallic body, I perceived, in consequence, its 
uses, if a1iy,*w(Juld be extremely limited, as, whatever orna^- 
meiit it might produce, it would only be by adhering to the 
condition*of a metallic mould. , • 

I accordingly deternnned*to make.my first experiment on a 
very prominent copper medal. ^ I placed it in a voltaic circuit 
as already described, and deposited a surface of copper on one 
of its sides to about the thickness of a shSling. I then pro- 
ceeded to get the deposition off. In this I experienced some 
difficulty, but ultimately succeeded. On examination with a 
magnifying glass, I found every line was as perfect as the coin 
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WHS from which it was taken. I was then induced to use the 
same piecc^a^ain, and let it remain a much longer time in 
action, that I might have a thicker and more substantial 
mould. I accoitiiiigly put it again in action, and let it re- 
main until it had acquired a much thicker coating of the me- 
tallic deposition ; but when I attempted to remove it from the 
medal, I found 1 as unable. It had, apparently, completely 
adhered to it. * 

I had ofieh practised,*wilh some degree of success, a method 
of preventing the oxidation of polished steel, by slightly heat- 
ing it until it would melt virgin wax ; it was then wiped, 
apparently, completely off, — but the pores of the metal be- 
came impiegnated with the wax. • 

thought of*thi.s method, and applied it to a copper coin. 

I first heated the piece, — applied wax — and then wiped it 
so completely off, that the sharpness of, the coin was not at 
all interfered with. I proceeded as before, and deposited a 
thick coating of copper on its surface, after the lapse of a few 
days. When I wished to take it off, 1 applied the heat of a 
spirit-lamp to the back ; when a sharp crackling noise took 
place, and 1 had the satisfaction of perceiving that the coin 
was completely loosened. In short, I had a most complete 
and perfect copper mould of a halfpenny. 

1 have since taken some impressions from the mould thus 
taken ; and, by adopting the above method with the wax, I 
gelt them out with the greatest ease. • 

I was now of opinion that this latter method might be 
applied to engraving much better than the method described 
in the first portion of this paper. Being aware that copper in 
, a voltaio»circuit cleposited itself on lead with as much rapidity 
as on copper, I took a silver coin, and put it between two 
pieces ©f clean sheet lead, and placed them under a common 
screw pieess. From the softness of the lead, I had a complete 
and sharp mould of both sides of the coin. I then took a 
piece of copper wire, — soldered the lead to one end — anti a 
piece of zinc to the other, and put them into the same voltaic 
arrangement I have already described. I did in this in- 
stance, the mould, as I felt assured that the deposited 
copper would easily separate from the lead, by the application 
of heat, — from* the different expansibility of the two metals. 

In this result I was not disappointed. When the heat of a 
spirit-lamp was applied for a* few seconds to the lead, the 
copper impression fell easily off. So complete do I think this 
latter portion of flie sublet, that I have no hesitation in 
asserting that fac-^imiles of any coin or medal, no matter of 
wluij; size, may be readily taken, and as sharp as the original. 
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• 

To further test tlje capabilities of this method, I took g, pieec 
of lead plate, and stamped some letters on its surface to a 
depth sufficienf to print from when in relief. 1 deposited 
copper on it, and found it came easily off. • 

1 now come to tlu3 conclusion of my experiinents-on this 
subject. As I stated at first, my object was to deposit a me- 
tallic surface on a model of clay, or other //o//-j[netallic body, — 
as, otherwise, I ima^Tfincd the application of* this principle 
would be extremely limited. ,1 iiiadcf many exjfli»iments to 
achieve this result, which I shall nobdetail, but content my- 
self with describing that which was ultimately the most 
successful. • 

I took two modifls of an ornament, one made of clay, and 
the other of plaster of paris ; soaked them for some time in 
linseed oil ; took them out, and suffered them to dry-r-iirst 
getting the oil clean gff the surface. When dry, I gave them 
a thin coat of mastic varnish. W'hen the varnish wjis as 
nearly dry as possible — but not thoroughly so, I sprinkled 
some bronze powder on that portion 1 wished to make a mould 
of. This powder is principally composed of mercury and sul- 
phur. I had, however, a complete metallic coating on the 
surface of my model, by which I was enabled to deposit a 
surface of copper on it, by the voltaic method I have already 
described. I have also gilt the surface of a clay model with 
gold leaf, and have been successful in depositing the copper 
on its surface. There is likewise another, and (as I trust" it 
will pr(jve) a simpler method of attaining this object, but as I 
have not yet sufficiently tested it by experiment, I shall take 
another opportunity of detailing the method. 

• 

[At the close of the pap(3r, several specimens of coini^ and 
medals — some of them in the act of formation by tJie vol- 
taic process —-were exhibited to the members.] ^ 


ADDENDA.* 


Td EN(;R.\VK in IU'LIEF on a tlate of copper. 

Take a*plate of copper, such as are in use an^ng engravers. 
It is not essential that it should Ue highly polished. 

Have a piece of copper wire neatly soldered to the back 
part of it, and then give it a edating of either of the cements 

* Note — By this process, iron castings that are recpiired to be 
preserved from tlie weatlicr may have ii coatifig of copper given to 
them, of any rc(|iiisitc lliiekiiess. 
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;ilren(ly mentioned. This is best done by liCciting the plate 
as well as the wax ; or, to level the wax after it has had a coat, 
hold the back part of the plate over a charcoal fire, or spirit- 
lamp, — taking earc to hold it level. 

Then write, or draw the design, on. the wax, with a black- 
lead pencil or a point. The wax must now be cut through 
with a graver, or a steel point, — taking special care that the 
copper is expdsed on every line. 

It mus^ ’Aow 1)0 immersed in dilute nitric acid — say, three 
parts water to one acid. . It will be at once seen whether it is 
strong enough, by the green colour of the solution, and the 
bubbles of nitrous gas eliminated. Let it remain long enough 
to allow the exposed lines on the plate to hMlightly corroded ; 
that the wax (which gets into the pores of the copper during 
the heating process), may be thoroughly got rid of. Practice 
will determine this, better than any ru^es. 

The plate is now ready to be placed in Uie voltaic appara- 
tus (see ICngraving, p. 3.) After the voltaic copper has beeji 
deposited in the lines engraved in the wax, the surface of the 
formation will be found to be rough, more or h^ss, according to 
the (piickness of the action. To remedy this, rub the surface 
with a pie(!C of smooth flag or pumice-stone, with water. Then 
heal the plate, and wash off the wax groundwork with spirits 
of turpentine and a brush. The plate is now ready to be 
prirlted from at an ordinary press. 


TO DEPOSIT A SOLia VOLTAIC PLATK,^ HA VING THE LINES 
IN RELIEF. 

Tal^ a- plate of copper, lead, silver, or type-metal, of the 
required size, and engrave in it, to the depth requisite print 
from, when in relief. 

Contrary to ordinary engraving, the lines must be flat at 
the bottom, and as nearly as possible of the same depth. 
When so engraved (should the plate be copper or silver), heat 
jt, and then apply a little bees’ wax (what is termed virgin 
wax is preferable) mixed with a very small proportion of 
spirits of turpentine ; and give the plate a coating* of it. It 
may be laid on in a lump ; and the heat of the plate should be 
suflicierit to melt it. When pn the eve of cooling, the plate 
should be wiped clean, and all the wax taken off, — as suffi- 
cient will have entered the pores of the plate, to prevent the 
voltaic copper from adhering. 

Then solder a piece of copper wire. 
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The plate must now receive a couple of coats of thick var- 
nish on the l)ack and edi^es (a preparation of shelMaS and 
alcohol docs ver^ well). I prefer, if the plate is large, to im- 
bed it with plaster of paris or roinaii cement, ifi a box the size 
of the plate, allowing. t]ie woodftn edge of the box to project 
just as much above the surface of the plate, as you wish the 
thickness of the voltaic one to be. (Car^ must be taken, to 
keep the engraved surface of the plate clean). * • 

It is now ready to be placed iiuthe appar»^is to be 
deposited on. • 

Should the plate be lead, — or, what is still better, type- 
metal,— the preparation of wax does not require to be given 
to the plate, as, when it is deposited on to the given thickness, 
applying heat is sufficient to loosen the plates. * 


TO PROCURE FAC-SIMILES OF MEDALS, &C. 

This may be done by two different methods ; the one, by 
depositing a 7no'uld of the voltaic metal on the face of the 
medal, (having first heated it, and applied wax), and then 
depositing the metal (by a subse(|uent operation) in the mould 
so formed. 

But the more ready way is, to take two pieces of milled 
sheet lead,*(cast lead not being equally soft), having surfaces 
perfectly clean and free frojn indentation. PuJAhe medal- 
between the two pieces of lead, subjecting the whole to pres- 
sure in a screw-press. t* A complete mould of both sides is thus 
formed in the lead, showing the most delicate lincL perfect 
(ill reverse). Twenty - or even a hundred — of these may be 
so foriped on one sheet of lead, and are deposited by the vol- 
taic process with equal or greater facility ; as, the more ex- 
tensive the apparatus, the more regularly and expeditiously 
does the operation proceed. — I’hose portions of the surface of 
the lead, where the moulds do not occur, may be varnished, 

. • • 

* It may be necessary to note, that the voltaic mould will alsa 
require the application of the wax. 

+ A common copying-machine will serve the purpose, for a 
small medal, not having much relief, • 

Should the medal be large, andjn hold relief, it would he better 
to have a small portion of the lead cut out, or turnecl in a lathe, so 
that the medal might (to a certain extent) fit into the lead before 
being pressed up ; this will prevent injury of the medal, and give 
a rim to the fuc-simile. 
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m 

to ijfjulralize the voltaic action ; or, (a w^ole sheet of copper 
being deposited), the voltaic medals may ^afterwards be cut 
out. 

A piece of Vire must now be soldered neatly to the back 
of the leaden plate ; it is then ready^to be put in action. 

[This aj>plieg to the formation of one side of a medal only. It 
recpiires extremely careful manipulation to form both sides; and as 
I think yit»re may be abetter method than the one 1 have hitherto 
adopted, I defer stating^ it until 1 have obtained the result of an 
experiment now in operation.] 


A VOLT \IC "iMrilESSION FROM A PLASTER OR CLAY MODEL. 

This process is partially described in a preceding page;* in 
addition to which I may state, that when the plaster or clay 
orhainent is gilt with gold leaf, or bronzed, a copper wire 
should be attached to it, by running through from the back, 
until the point appears above the front surface, — or level with 
it will be sutliciciit. The other end must then be attached 
to the binding screw connecting it with the zinc, in all respects 
similar to any of the foregoing methods. 


* TO OBTAIN ANY NUMBER OF COPIES FROM ALREADY 
ENGRAVED COPPER-PLATE. ^ 

A copper -plate m^y be taken, engraved in the common 
manne( — the tines being in intaglio. Procure an equal- 
siz&l piece o\ sheet-lead ; lay it on the engraved side of 1 he 
platef and put both under a veri/ powerful press ; when taken 
out, tj^e lead will have every line, in relief, that had been 
sunk ill the copper. • 

A wood engraving may be operated on in like manner ; 
— as lead, being pressed into it, will not injure it. 

A wire may now be soldered to the lead^ tb^n bed it in a 
l)Ox ; and put it into the voltaic apparatus, — when a copper- 
plate, being an exact fac-simile of the original, will he formed. 

In this process, care must he taken that the lead is clean 
and bright, as it corner from the roller in the milling-proce^'s, 
and consequently free from any oxidation, which it soon ac- 
quires, if exposed to the atmosphere. It should he put in 
action as soon as*possibla after being taken out of the press. 

* See page 263. 

VoL. IV! — N^. 22, January^ 1840. U 
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• REMARKS 

• 

ON TIIK MANAGEMENT OF THE APPARATrs.* 

• 

Npxt to eloctro-mag^ejism, there is no branch of science 
that requires more dexterous manipulation than voltaic^ or 
electro-chemistry; the most triiling film pf oxidation often 
retarding the action of the most powerful apparatus. Rut, 
in the present instance, slow action, andfiimplicity ofcarrange- 
ment, being the predominating features, such nice attention 
to minutijc is not absolutely necessary, — or at least not so 
much so as to deter those hitherto unacquainted with the 
subject from practising. 

In all cases, to ensure metallic connexion, biifding-screws 
are preferable to cups of mercury; but, in using them, the 
copper wire, where the aj[.lachmcnt is made, must be l)rightened 
with a piece of emery paper, — also the point of the screw, 
where it presses on the wire. In soldoring the wires to the 
plates, let as little resin be used as possible ; sal ammoniac, 
or dilute muriatic acid, answers the purpose much better. 

In these experiments, I have invariably found an eqval 
sized piece of zinc to answer best. In the construction of 
galvanic batteries iu general, I am aware, this is a moot point 
with high authority ; but my own practice, which has been by 
no means small, with batteries of every construction, has letl 
me to the ojJinion that, wherever slow and equable action is re- 
(juired, tfee positive and negative electrodes shonUyKj of equal 
superficial area. — Although amalgamated zinc plates are 
preferable where combined intensity and continuity of action 
are required, they must not be used, under an/ circum^itances, 
for the present purposes. — It will, likewise, be found to' be 
essential that the thickness of the zinc be equal to that t)f the 
required deposition . ^ 

Let the jiorous bottbm of the interior vessel, containing the 
zinc, be a little larger than either of the electrodes. I have 
hitherto used, for this purpose, either bottomless glass cylin • 
ders, or wooden boxes, varnished, with plaster bottoms; ])ut 
I should recommend a well glazed earthenware vessel, having* 
no bottom, •but a slight rim projecting inwards, to secure the 
plaster. The zinc should be oci?asionally taken out of tlu^ 
arrangement, during continuance of the j)rocess, and cleansed 
by washing it in water; the Saline solution may also be 
renewed. ^ 

• 

■* These observations iiitciideci for the guidance, in the first 
instance, of those who are practically unacquainted with voUaic 
arrangements. ^ 
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* 

^Crystals of sulphate of copper should Ini added, tVoiu time to 
tiniCjlOithe cupreous solution; but, should the depositiojireipiire , 
to he thick |ind long-continued, it will be necessary to take 
out the cupreous solution i^nce or twice during the operation, 
and add an entirely fresh one, — as\Re sulphuric acid, neces- 
sarily set free after the de-oxidisement of the copper, when 
it predominates to any extent, prevents the required action 
from talking place oji the copper ; instead of which, a sub or 
tU-oxiefe of copixir is depositfid, in the form of a reddish brown 
powder — the solution being rendered colourless. When this 
takes place, the plate should be taken out,*and well washed 
in very dilute nitric acid. 1 have tried several methods to 
take up the sulphuric acid as it was set free; pure clay 
answers this purpose pretty well, the acid combining to a 
certain extent with it, and forming a sulphate of alumina, 
or alum, at the bottom of the vessel.* 

• When the voltaic copper is bent, it breaks at a similar 
angle to cast copper ; but when heated to a red heat, and 
slowly cooled, it assumes somewhat of the pliability of rolled 
sheet copper, requiring to be bent several times before break- 
ing ; should it now be beaten on an anvil, it will resume its 
brittleness. 

It may be filed, polished, and cut with shears, in the usual 
manner — the surface acquiring as fine a polish as the copper 
• in use among engravers. • 

Should a thick mass of metal be requisite for any practical 
purpose : *as it would require a considerable lapse of time 
before it could be obtained by the vqjlaic process,* the hack 
of the^dcposittid metal may be thickened, or filled up witli 
sofder, in a nianncr already practised in the arts, without the 
slightest injury to the surface or texture of the c[eposited 
metal. 


To deposit nictal equal to one-eightli of an inch in thiclvn(‘««s, 
requin'S about eight or ten days’ continuous action : tin* ‘iii|)erii<*in) 
<“?dent of the deposition not being iiiateriid, regiinl'» the duration 
ot the process. 
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NOTE. 

We have teacl Mr. Spencer’s paper with much pleasure and 
satisfaction ; and must certainly e?ipress our extreme surprise 
at our author’s extraordinary reception at the Birmingham 
Meeting of .the British Association, /hr the promotion of 
Scie?ice. We have not the pleasure of knowing who Mr. 
Spenc#r*is, nor what is his» position in society : but no one, 
who read.s the preceding paper, can hesitate acknowledging 
that he is a “ scientific man.” As for ourselves, we have no 
hesitation in stating, that Mr. Spencer’s paper is, without 
exception, , the most interesting one, on voltaic electricity, 
that has hitherto been presented to the notice of the British 
Association /or the promotion of Science. Edit. 


ADDITIONAL INFORMATION FROM MR. SPENCER. 
To the Editor of the Liverpool Mercnry. 


Sir, 

Jii your last number you expressed some doubts as to the 
(correctness of , the account of my process, given in the Athe- 
naeum, and condensed from the account given injhc pamphlet 
published by the Polytechnic Society. 1 have since looked 
ovtcr it, and find nothing absolutely incorrect, yet Wii the at- 
tempt to condense tlie details of the process, there is a tur- 
bidness which^ maternally interferes \vnth a proper understand- 
ing ofWthe whole. I shall now detail to you, as briefly as 
possible, the method I would adopt to copy a wood engraving 
in cf)pper, — and as it will apply to some other processes cori- 
nectod with the subject, it will, I trust, not be unacceptable 
to your readers. * 

I may premise that, but for the plasticity and perfectly 
unelastic property of lead, the discovery would be of but 
comparatively small value. Plumbers who have handled the 
substance for the greater portion of their lives, are astonished 
to find it so susceptible of pressure; on the colitrary, wood 
engravers aid not, until now, imagine their blocks would 
stand the pressure of *a screw press on a lead surface without 
injury; but such is the fact^n both instances. In the manner 
in which box wpod is used for wood engravings, being hori- 
zontal sections, it will sfustaiii a pressure of SUOOlbs. without 
injury, provided the pressure is perfectly perpendicular. 

•The w^ood engraving being given, take a piece of sheet 
lead the requisite size ; let its siiperfice be about one-eighth 
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of an inch Iarg(‘r all romid than that of the wooden block. 
'J'ho load must now bo planed with a coniinon plane, jlist as a 
piexo of soft wood: the tool termed by the joiner the try 
plane does best ; — a clear bright 'surface is thus obtained, 
such as 1 have been unable to got by any other means. The 
engraved surface of the wood must now be laid on the planed 
surface of llie load^ and both put carefully in the press ; should 
the engraving have more than J:wo inches of sup(^^6cos, a 
copying press is not powerful enough. \Wiatever press is used, 
the subject to be copied must be cautiously laid in the centre 
of the pressure, jIs a very slight lateral force will in some de- 
gree injure the process. Idic lead to he impressed upon must 
rest on (hc-iron plate of the press, as must the back part of 
the wood ojigraving; the pressure to be applied regularly, aud 
not, as in some cases with a jerk. When the pressure is 
deemed complete, they may be taken out; and if, on ex- 
amination, the lead is not found to bo completely up, the 
wood engraving may be neatly relaid on the lead, and again 
submitted to the press, using the same precaution as before. 

\N'hen llic lead is taken out a wire should be soldered to it 
'hiwfedlateljj, and put into the apparatus w ithout loss of time, 
as the less it is subjected to the action of the atmosphere the 
better ; — care should also be taken not to touph the surlaco 
with the finjrovs. In the pamphlet I stated the length of 
time usually taken to deposit the required thickness of metal ; ‘ 
— I have been since able to abridge that period three or four 
fold, as 1 keep the solutions at a temperature of from I2U to 
ISO Farcnheit. It has’ijeen suggested td me, by Mr. (h’o.s.so, 
of Broonilield, to keep the solutions boiling, wni.ch stifl fyr- 
iher increases the rapidity of the deposition, t'onlrnry to 
general vihendcal analogy the deposited metal is of a ifiuch 
superior quality to that tleposited by the very slow aclioia of a 
common temperature. 

At the same time it :nu.st he borne in mind, that if the pro- 
cess is <iiiickened by strengthening the solution in the positive 
cell by the addition of an acid, tlie metal deposited in the 
opposite one is of a very inferior quality ; so much so as to he • 
totally unfit "for any practical purpose. Under t|jcse circum- 
stances the deoxidizing process is not completed, the deposit 
l)oing a reddish brown protoxide of copper ; this last, if let 
remain for a few days longer, undergoes a still further change, 
it then becomes a black oxide of copper, such as may be used 
for organic analysi.s; and, were I td pursue this branch of 
chemistry, I should never resort to any other method of 
obtaining it. • 
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■ 

above process will apply to copying engraved copper- 
plates, oi’ lucdallions. 

1 have alj:|p betui able to obtain impressions from wood 
engravings by the following method. Take a piece of tinfoil 
the size, or thereabouts, of the en^rhving ; place it on the 
engraved surface; over this place a x)iecc of sheet India rubl)er, 
and put the •whole in a press ; on taking out of which it 
will be fieiind the tii^is thoroughly impressed into the lines of 
the wood. A coating of plllster of Paris must now be laid 
on the tin to a])out half an inch in thickness ; when set, the 
whole may be taken off the wooden blqck. It will be 
found that the tin adlieres to the piaster, and leaves the face 
of the engi^iving. The tin surface may now be deposited on 
to any recpiired thickness. The above was tried on a coarse 
wood engraving. I am unable to say how it might aiisw'cr 
for a line one. * 

•J have been more than once reminded of the fusil)le metal, 
that melts at a temperature of boiling water, hut haveliad no 
opportuuily of trying it ; it might he applicable for copying 
wood (Migravings. 

1 have yet another method which I am in hopes will still 
furtlnn* improve the process, hut as it is not matured I shall 
take a future opportunity of communicating it: l)eing a 
modification of the apparatus, it will require an engraving to 
explain it. • 

Yours, &c., 

THOMAS SPENCER. 


9 • 



X\XVII. Oit the vse of Voltaic Elecfi'icUy, hi a letter 
to ikc Her, J, li. Readv, By Mr. Sturgeon. 

• 

Westmoreland Cottage, 

December 2, 1839. 

My dear Sir, 

During our conversation, this morning," oii the subject of 
taking fac simile impressions, in copper, of medallions, coins, 
&c., by the process of Y^^ltaism, you will remember that the 
idea occurred to me Qf giving them silver or golden surfaces, 
by a similar voltaic proces^; employing a solution of either ol* 
those metals in connexion with the prepared matrix, instead 
of a solution df coppef. Turning the subject over in my 
mind whilst walking home, a thought struck mo that a com- 
pile medallion of any kind of metal might easily he made, 
by Ihe^volLaic process; or the medallion njight be constructed 
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of different metals and in a variety of ways, which it would 
he difficult to imitate by any other process. * 

The following are some of the methods : — • 

Let a matrix of eaclijsitle of thrf medallion intended to he 
copied be made in the usual way, by means of the alloy 
usually called JWuctons fusible metal, and let the metal be 
about an eighth of an inch in thickness. To the back of this 
metal is to be soldered one end yf a copper wire, aiH^to the 
other end a piece of zinc, whiiffi is afterwards to be amal- 
gamated. The metal in which the matrix is formed is now 
to be covered with a thin stratum of either varnish or wax, 
leaving bare the matwx only. The wdre is also to be covered 
in a similar manner, and is to be bent so as to adapt the vol- 
taic metals to their respective positions in the vessels holding 
the liquids employed. \n a few hours the matrix will have 
received a coating of precipitated metal from the solution, 
which may be either gold or silver: the thickness of the 
coating will depend upon the time. When this coating is sup- 
posed to be of sufficient thickness, remove the solution of 
the silver or the gold, as the case may be, and replace it by a 
solution of the sulphate of copper, and in the course of a few 
days you will have a considerable thickness of copper preci- 
pitated on the silver coating in the matrix. These two metals 
will adhere firmly together so as to be one piece. When this 
young semi-inedallioii is removed from the matrix, it will 
have a copper body with a silver or a gold face. Its twin 
sister may be formed by proceeding in the same way, with the 
matrix formed from the#)pposite face of tlfi3 original medallion, 
and when the process is completed the flat coppgjr si(Us inay 
l)e soldered neatly together, so as to form a complete me- 
dallion stfinilcnr to the original one. • 

Hy a similar process a complete medallion may he foi’med 
having a gold siu*face*on one side and a silver one on the 
other. 

Another beautiful variation may be made by the following 
process. Iniagiuq that we wanted a medallion whose jrromi- 
ncnl parts should l)e of gold, and the rest silver. 'I'hc head 
of Ni:wTOX,-for instance, with its motto, to be of^old. Var- 
nish with wax every other part of the matrix, and put it in 
galvanic action in a solution of gold. Ifi a few hours a golden 
head and motto will be formed. • Now remove the gold solu- 
tion; and clean the matrix of its coating of^wax. Now put 
the matrix in voltaic action in a sohition of silver, and the 
face of the new medallion will be filled up with silver. If the 
body of the medallion is to be silver, the action may be c(mi- 
tiiiued for a few days ; hut if the body is to be of copper, pro- 
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reod as before directed with a solution of sulphate of copper. 
Similar processes give infinite scope to the ingenious in vary- 
ing and ornanie^iting this class of voltaic productions. 

I am, niy dear Sir, 

Youts’very truly, 

W. STURGEON. 


To the Rev, Reade, 


% 



XXXVTIl. Co7}f.rihn lions to Electricity and Magfictism. 
/fy Joseph Henuy, Professor of Natural Philo- 
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On Electro- Dynamic Inductio7i. 


INTUODUCTION^ 

r. Since my investigations in reference to the influence of 
a spiral conductor, in increasing the intensity of a galvanic 
current, were submitted to the Society, the valuable paper 
of Dr, Faraday, on the same subject, has been published, anil 
also various modifications of the principle have been made by 
Sturgeon, Masson, Page, and others, to increase the elVects. 
The spiral conductor has likewise been applied by Cav. 
Arttinori to produce a spark by the action of a thermo-elec- 
Irical pile : and Mr, Watkins has succeeded in exhibiting all 
the phenomena of hydro-electricity by the same means. 
Although the principle has been much extended by the 
researches of Dr, Fjyaday, yet I am happy to state that the 
resnlts^obtaineti by this distinguishefl philosopher are not at 
variance with those given in my paper. 

2.il now offer to the Society a new series of investigations 
in the same line, Avhich I hope may also be considered of 
sufficient importance to merit a place Jn the Transactions. 

3. I'he primary object of these investigations was to dis- 
cover, if possible, inductive actions in common electricity 
analogous to those found in galvanism. For this purpose a 
series of experiments was commenced in the Ispring of 
but 1 was at that time diverted, in part, from the immediate 
object of my research, by a new investigation of the pheno- 
mena known in common electricity by the name of the 
lateral discharge. Circuu^tances prevented my doing any 
thing further, in the way of experiment, until April last, 
when most of the resi\Jts which 1 now offer to the Society 
were obtained. The investigations are not as complete, in 


* Ciyiimunicated by the Author. 
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several points, as. 1 could wish, but as my duties wil^ iiofi 
permit me to resume the subject for some montlw to come, 
[ therefore present them as they are : knowing, from the in- 
terest excited by this branch of ^science in every part of the 
world, that tlic errors? which may exist will soon be detected, 
and the truths be farther developed, 

4. The experiments arc given nearly in thc*order in which 
they were made ; and in general they are accompayied by tlic 
reflections wliich led to the scwral steps of the investigation. 
The whole scries is divided, for convcfniencc of arrangement, 
into six sections, although the subject may be considered as 
consisting, principally, of two parts. The first relating to a 
new examination of the induction of galvanic currents ; and 
the second to the discovery of analogous results in the dis- 
charge of ordinary electricity.* 

5. The principal articles of apparatus used in the experi- 
ments, consist of a number of flat colls of copper ribrfnd, 
which will be designated by the names of coil No. 1, coil 
No. 2, &c. : also of several coils of long wire; and these, to 
distinguish them from the ribands, will be called helix No. I, 
helix No. 2, &c. 

(i. Coil No, 1 is formed of thirteen pounds of copper plate, 
one inch and a half wide and ninety-three feet long. It is 
well covered with two coatings of silk, and was gcneniplly 
used in the, form represented in fig. 2, Plate VI., which is 
that of a fiat spiral sixteen inches in diameter. It was how- 
ever sometimes formed into a ring of larger diameter, as is 
shown in fig. 5. ^ 

7. Coil No. 2 is als(T formed of copper plate, as the same 
width and thickness as coil No. I. It is, howevdr, only si\ty 
feet long. Its form is shown at i, fig. 2. The openiyg at 
the ccirtre is sufficient to admit helix No. 1. Coils No. 
y, 4, 5, 6, &c. are all jibout sixty feet long, and of copper 
plate of the same thickness but of half the width of coil, 
No. 1. 

8. Helix No. 1 consists of sixteen hundred and sixty yards 
of copper wire,* ^’^th of an inch in diameter. No. 2, of nine 
liundred and ninety yards : and No. 3, of three hundred and 
fifty yards, of the same wire. These helices ifi-e shown in 
fig. 3, and are so adjusted in size as to fit into each other; 
thus forming one long helix pf three thousand yards : 
or, by using them separately, and in different combinations, 

ft 

« 

* The several puragvnplis arc numbered in succession, from tlio 
first to the last, after the mode ado})ted by Mr, Faraday, for 
\ enience of reference. 
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scvcirlieliceB of different lengths. The wire is eovcrcil with 
eotton thrcRd, saturated with bees’ wax, and between each 
stratum of spirc^ a coating of silk is interposed. 

9. Helix No. 4, is shown at; fig. 5 ; it is formed of five 
hundred and forty-six yards of wirfj' /yth of an ineh in 
diameter, the several spires of which arc insulated by a coat- 
ing of cement.* Helix No. 5 consists of fifteen hundred 
yards of siivcred copper wire, , Vr.th of an inch in diameter, 
covered with cotton, and is of the form of No. 4. 

10. Jlesidos these I w^is favoured with the loan of a large 
spool of copper wire, covered with cotton, .‘.jth of an inch in 
diameter, and five miles long. It is wound on a small axis 
of iron, and •forms a solid cylinder of wife, eighteen inches 
longj and thirteen in diameter. 

11. For determining the direction of induced currents, a 
magnetizing spiral w’as generally used, which consists of 
iibotit thirty spires of copper wire, in the form of a cylinder, 
and so small as just to admit a sewing needle into the axis. 

12. Also a small horse- shoe is frequently referred to, Avhich 
is formed of a piece of soft iron, about three inches long, and 
Hhs of an inch thick ; each leg is surrounded with about 
live feet of copper bell wire. This length is so small, that 
oidy a current of electricity of considerable quantity can 
def elope the magnetism of the iron. The instrument is used 
Jor indicating the existence of such a current. ^ 

13. The battery used in most of the experiments is shown 
in fig. 2. It is formed of three concentric cylinders of cop- 
per, and two interposed cylinders of zinc. It is about ciglit 
inches idgh, fit^c inches in diameter, *and exposes about one 
square foot and three quarters of zinc surface, estimating both 
sidestof the metal. In some of the experiments a larger 
battery was used, weakly charged, but all the resuRs men- 
tioned in the paper, except those with^ Cruickshank trough, 
can be obtained with one or two batteries of the above size, 
particularly if excited by a strong solution. The manner of 
interrupting the circuit of the conductor by means of a rasp, 

t by is shown in the same figure. 

ISECTION I. 

Conditions which influence the induction of a Current 
^ on itself. 

1 4. The phenomenon of the spiral conductor is at present 
kpown by the name of the induction of a current on itselt, to 
distinguish it from the induction of the secondary current, 
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discovered by Dr. Faraday. The two, however, belong to 
the same class, and experiments render it probable tl)at tlie 
spark given by the long conductor is, from the natural elec- 
tricity of the metal, disturbed for an instant by the induction 
of the primary curreftt.* Before proceeding to the other parts 
of these investigations, it is important to state the results of a 
number of preliminary experiments, made tocleterminc more 
definitely the conditions which inilu 4 ;nce the aotjpn of the 
spiral conductor. * ^ 

15. When the electricity is of low intensity, as in the case 
of the thermo-electrical pile, or a large single battery weakly 
excited with dilute^ acid, the flat riband coil No. I, ninety- 
three feet long, is found to give the most brilliant deflagra- 
tions, and the loudest snaps from a surface of mercury, /rhe 
shocks, with this arrangement, arc, however, very feeble, 
and can only be felt in the fingers or through the tongue. 

Hi. The induced current in a short coil, which thus pro- 
duces deflagration, but not shocks, may, for distinction, be 
called one of quantity. 

17 . When the length of the coil is increased, the battery 
continuing the same, the deflagrating power decreases, while 
the intensity of the shock continually increases. With five 
riband coils, making an aggregate length of three hundred 
feet, and the small battery, fig. 2, the deflagration is less 
than with coil No. 1, but the shocks arc more intense. , 

18. There is, however, a limit to this increase of intensity 
of the Shock, and this takes place when the increased 
resistance or diminislfed conduction of the lengthened coil 
begins to counteract the influence of the increa^ng length of 
the current. The following experiment illustrates this fact. 
A coil of copper wire, ,-\,th of an inch in diameter^ was 
increased in length by successive additions of about thirty- 
two feet at a time. After the first two lengths, or sixty-four 
feet, the brilliancy of the spark began to decline, but the 
shocks constantly increased in intensity, until a length of five 
hundred and seventy-five feet was obtained, when the shocks 
also began to decline. This was then the proper length to 
produce the maximum effect with a single battery, and a 
wire of the above diameter. 

19. When the intensity of the electricity of the battery is 
increased, the action of the short riband coil decreases. 
With a Cruickshank’s trough of sixty ' plates, four inches 
square, scarcely any peculiar effect zan be observed, when 
the ctiil forms a part of the circuit. If however the length of 
the coil be increased in proportion to the intensity of the 
current, then the inductive influence becomes apparent. 
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\Vhq^i the current, from ten plates of the abovc-montioneil 
trough, was passed through the wire of the large spool (10), 
the induced shock was too severe to be taken through llu‘ 
body. Again, ^^'hen a small trough of twenty-five one-inch 
plates, which alone would gite but a ^very feeble shock, was 
used with helix No. 1, an intense shock was received from 
the induction, jvhen the contact was broken. Also a slight 
shock in this arrangement is given when the contact is formed, 
hut it is^tery feeble 4 ii comparison with the other. Tlic 
spark, however, with tUe long wire and compound battery is 
not as brilliant as with the single battery and the short 
riband coil. 

20. When, the shock is produced from* a long wire, as in 
the last experiments, the size of the plates of the battery may 
he wry much reduced, without a corresponding reduction of 
the intensity of the shock. This is slp)wii in an experiment 
with the large spool of wire (10). A very small compound 
battery was formed of six pieces of copper hell wire, about 
one inch and a half long, and an ecjual number of pieces of 
zinc of the same size. When the current from this was 
passed Ihrouglii the five miles of the wire of the spool, the 
induced shock was given at once to twenty-six persons 
joining hands. This astonishing effect placed the action of 
a coil ni a striking point of view. 

^1. With the same spool and the single battery used in the 
former experiments, no shock, or at most a ver/ feeble one, 
could he obtained. A current, however, was found to pass 
through the whole length, by its action on the galvanometer; 
but it was not ^ullicfently powerful to«inducc a current which 
could c^untwact the resistance of so long a wire. 

22. The induced current in these experiments may he 
considered as one of considerable intensity^ and smaU (juan- 
illy. • 

2.‘J. The form of the coil has consitRjrablc influence on the 
intensity of the action. In the experiments of Dr. Faraday, 
a long cylindrical coil of thick copper wire, inclosing a rocl 
of soft iron, was used. This form prod,uces the greatest 
• effect when magnetic reaction is employed ; but in the case 
of simple ggilvanic induction, I have found tho form of the 
coils and helices represented in the figures most effectual. 
The several spires are" more nearly approximated, and there- 
fore they exert a greater ntntual influence. In sonic cas(‘s, 
as will be seen hereafter, the ring form, shown in lig. is 
most effectual. * 

24. In all cases the .several spires of the coil should he 
wtll insulated, for although in magnetizing soft iron, and in 
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Jinaloi^oiis I'xporinu'nls, the toiicliins^ of two t^pirrs js luM. 
attended witli any ii^roat reduction of action ; j et in the case 
of the induced current, as will be shown in the progress of 
tiicsc investigations, a single contact of two" spires is soinc- 
liincs sufficient to nqutralize the whole elTect. 

25, It must be recollected that all the experiments with 
these coils and helices, unless otherwise mentioned, arc made 
without the reaction of iron temporarily magneti/x'd j since 
the introduction of this would, in sortie cases, inlcfrferc with 
the action, and render the results mtre complex. 


SKCTfON II. 

(\)n(Ulio7tft 7rltw/i bijlaencc. the production of Secojahtyff 

Currents, 

2(). The secondary currents, as it is well hnown, were 
discovered in the induction of magnetism and electricity, by 
Dr. Faraday, in JK^l, But he was at that time urged to 
the cxphiration of new, and apparently richer veins of science, 
and left this branch to be traced by others. Since then, 
however, attention has been almost exclusively directed to 
one part of the subject, namely, the induction from magne- 
tism, and the perfection of the magneto- electrical luaciyne. 
.And 1 know of no attempts, except my own, to review and 
extend the*purely electrical part of Dr. Faraday’s admirable 
discovery. 

27 . The energetic action of the flat coil, in producing the 
induction of a current on itself, led me to foncludc that it 
would also be the most proper means for the exhibKiomand 
study of the phenomena of the secondary galvanic currents. 

28. por this purpose coil No. 1 was arranged to receive 
the current from the small battery, and coil No. 2 placed on 
this, with a plate of ^ass interposed to insure perfect insula'- 
tion ; as often as the circuit of No. 1 was interrupted, a 
powerful secondary current was induced in No. 2. The 
arrangement is the same as that exhibited in fig. 4, witli 
the exception that in this the compound helix is represented* 
as receiving the induction, instead of coil No. 2. 

29. When the ends of the second coil were rubbed 
together, a spark was produced at the opening. When the 
same ends were joined by the ftiagnetizing spiral (11), the 
inclosed needle became strongly magnetic* Also when the 
secondary current was passed tbroifgli the wires of the iron 
horse-shoe (12), magnetism was developed; and when the 
ends of the second coil were attached to a small decomposing 
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appar>ntiis, of the kind wlucli accompanies llic maiifnclo 
cieclric;il niaclnno, a stream of gas was given ofV at cacii pole. 
'Flic shock, however, from this coil is very feeble, and can 
seacely be felt Above the fingers. 

ilJO. This current has thefefore tlje .properties of one. of 
moderate intensity, but considerable ([uantity. 

.SI. Coil No^ 1 remaining as before, a longer coil, formed 
by unitintr Nos. 3, 4, and 5, was substituted for No. 2. With 
this arrangement, the*spark produced when the ends were 
rubbed togellier, was nut as brilliant as before ; the magne- 
ti/ing power was much less ; decomposition was nearly the 
same, but the shocks were more powerful, or, in other words, 
the intensity, of the induced current uas increased by an 
increase of the length of the coil, while the quantity was 
appc'fiTiitly decreased. 

32. A compound helix, formed bjvuniting Nos. I ajid 2, 
and therefore containing two thousand six hundred and fifly 
yards of wire, was next placed on coil No. 1. "J"lic weight 
of this helix happened to be precisely the same as that of 
coil No. 2, and hence the different elfects of the same cpian- 
tity of metal in the two forms of a long and short conductor, 
could he compared. With this arrangement the magiicli/.- 
ing elfects, with the apparatus before mentioned, disappeared. 
4'Uc sparks were much smaller, and also the decompositions 
loss, than with the short coil ; but the shock was almost too 
intense to be received with impunity, except through the 
fingers of one hand. A circuit of fifty-six of the students 
of the senior class, received it at once from a single rupture 
of the battery ^urreirt, as if from the»dischargc of a Leyden 
jai'^wcalvly charged. 3 he secondary current in this case was 
one of small quantity, but of great intensity. 

33. "Fhe following experiment is important in cstalilisliing 
tlic lifet of a limit to the increase of the intensity of the 
shock, as well as the power of dccomp*osition, with a wire of 
a given diameter. Helix No. 5, which consists of wire only, 

, i - th of an inch in diameter, was placed on coil No. 2, ami 
its length increased to about seven hundred* yards. With 
this extent of wire, neither decomposition nor magnetism 
could be obtained, but shocks were given of*a peculiarly 
pungent nature ; they did not however produce much 
muscular action. The wire of the helix was further increased 
to about fifteen hundred yatds; the shock was now found lo 
be scarcely perceptible, in the fingers. 

34. As a counterpart to the last experiment, coil No. 1 
was formed into a ring of sufficient internal diameter to admit 
the great spool of wire (11), and with the whole length of 
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this (vvhiclT, as lias before been stated, is five miles) the shock 
was found so intense as to be felt at the shoulder, when 
passed only through the forefinger and thumb. Sparks and 
decomposition were also produced, and needles rendered 
magnetic. The wire this sptiol is -,\,th of an inch thick, 
and we therefore see from this experiment, that by increasing 
the diameter of the wire, its length may ^ also be much 
increased, with an increased effect. 

35. Ilie fact (33) that the jnduced current is flhninished 
by a further increase of the wire, aftr*r a certain length has 
been attained, is important in the construction of the mag- 
neto-electrical machine, since the same effect is produced in 
the induction of itKignetism Dr. Goddard of Philadelphia, 
to whom I am indebted for coil No. 5, found tliat when its 
wliole length was wound on the iron of a temporary magnet, 
no shocks could he ohfained. The wire of the machine may 
therefore be of such a length, relative to its diameter, as to 
produce shocks, hut no decomposition ; and if the length he 
still further increased, the power of giving shocks may also 
become neutralized. 

3(). The inductive action of coil No, ], in the foregoing 
experiments, is precisely the same as that of a temporary 
magnet in the case of the magneto-electrical machine. A 
short thick wire around the armature gives brilliant deflagra- 
tions, but a long one produces shocks. This fact, I believe, 
was first discovered by my friend Mr. Saxton, and afterwards 
investigated by Sturgeon and Lenz. 

37 . We might, at first sight, conclude, from the perfect 
similarity of these clfects, that the currehts, wdiich, according 
to the theory of Ampere, exist in the magnet, are like those 
in the short coil, of great quantity and feeble intensity; but 
succeeijing experiments will show that this is not necessarily 
the qjise. 

38. All the cxpcriilients given in this section have tlius 
far been made with a battery of a single element. Tiiis con- 
dition was now changed, and a Cruickshank trough of sixty 
pairs substituted.^ When the current from this was passed 
through the riband coil No. 1, no indication, or a very feeble 
one, was given of a secondary current in any o^the coils or 
helices, arranged as in the preceding experiments. The 
length of the coil, in this case, was not commensurate with 
the intensity of the current from the battery. But when the 
long helix No. 1, was placed instead of coil No. 1, a powerful 
inductive action was produced on t’ach of the articles, as 
iefore. 
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• .*W. First, helices No. 2 mul 3 were united into one, and 

placed wkliin helix No. 1, which still conducted the battery 
current. VVi^Ji this disposition a secondary current was pni- 
duced, wdiich |^avc intense shocks but feeble decomposition, 
.ind no maj^netism in the soft iron hors^eshoe. It was there- 
fore- one of intensity, and was induced by a battery current 
also of intensily. 

40. Iiiiitead of the helix used in the last experiment for 

receiving the induction, one* of the coils (No. 3) was now 
placed on helix No. 1, the battery remaining as before. With 
this arrangement the induced current gave no shocks, l)nt it 
magnetized the small horseshoe; and wl^en the ends of the 
coil were nfbbed together, produced bright sparks. Jt had 
therefore the properties of a current of (juantity; and it was 
produced by the induction of a current, from the battery, of 
intensify. * 

41. Thisexperiment wa.s considered of so mucli importance, 
that it was varied and repeated many times, but always with 
the same result; it therefore establishes the fact that ati 
intnis7'/7y nirreiit can mdnee. one of (jiuniiity^ and, by the 
preceding experiments, the converse has also been shown, 
that a qnantif^ cinnait ctm mdnee one if mtensihf, 

42. This fact appears to have an important bearing on the 
law of the inductive action, and would seem to favour the 
supposition that the lower coil, in the two experiments with 
the long and short secondary conductors, exerted the same 
amount of inductive force, and that in one case this was ex- 
pended (to use the kinguage of theory) in giving a great 
vclocity^to a siitall quantity of the fluid, and in the other in 
profiucing a slower motion in a larger current; but in the 
two crises, were it not for the increased resistance to conduc- 
tion in the longer wire, the quantity multiplied by the \'fclocity 
wouUrbe the same. This, however, i|i as yet a hypolhtsis, 
but it enables us to conceive how intensity and quantity may 
both be produced from the same induction. 

43. From some of the foregoing experiments we may 
conclude, that the quantity of electricity in motion in the 
nelix is really less than in the coil, of the same weight of 
metal ; but this may possibly be owing simply to*the greater 
resistance oflered by the longer wire. It would also appear, 
if the above reasoning be correct, that to produce the most, 
energetic physiological effects, only a small quantity of elec- 
tricity, moving u4th grei\]t velocity, is necessary. 

44. fn this and the preceding section, I have attempted to 
givy^ only the general conditions which influence llic galvaui<! 
induction. To establish the law would rerjiiifc a great iium- 

\ ou. IV. — No. 22, Janvnry, 1840. X 
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ber of more refined exjieriineiits, and the coll^idtTalidn (»f 
several circumstances which woiihl affect the resulfs, such as 
the conduction of the wires, tlie constant slaUwjf the batt.:ry, 
the metliod of breaking the ciiniit with perfect regularity, 
and also more perfect incansthaii we now posscssof measuring 
the amount of the inductive action j all these circumstances 
render the problem very complex, 

r 

SECTION 111. ^ 

On the JnducUon of Sccomlanj (JurreiiU at a dtsfa?icc\ 

45. Fn the experijnents given in the two preceding Sections, 
the conductor which received the induction, was separated 
from that which transmitted the primary current by the thick- 
ness only of a pane of glass ; but the action from this 
arrangement w^as so energetic, that 1 was naturally led to try 
the effect at a greater distance. 

46. For this purpose coil No. 1 was formed into a ring of 

about tw^o feet in diameter, and helix No, 4 placed as is shown 
in fig. 5. When the helix was at the distance of about six- 
teen inches from the middle of the plane of the ring, shocks 
could be perceived through the tongue, and these rapidly 
increased in intensity as the helix was lowered, and when it 
reached the plane of the ring they were (piite severe, "j'hc 
effect, however, was still greater, when the helix w\as moved 
from the centre to the inner eireumference, as at c : but w hen 
it was placed without the ring, in contact with the outer cir- 
cumference, at 6, the shocks w^erc V(;ry slight ; and when 
placed within, but its axis at right angles to that of the ring, 
not the least effect could be observed. ' ^ 

47 . VVilh a little reflection, it wdll be evident thiif this 
arrangement is not the most favourable for exhibiting the 
iiidifction at adistancii, since the side of the ring, for example, 
at c, tends to produce a current revolving in one direction in 
the near side of the helix, and another in an opposite direction 
in the farther side. The resulting effect is therefore only 
the difference'of the tw'o, and in the position as shown in the 
figure ; this difference must be very small, since the opposite 
sides of the helix are approximately at the same distance 
from c. But the difference of action on the two sides con- 
stantly increases as the helix is brought near the side of the 
ring, and becomes a maximum when the two are in the posi- 
tion of internal contact. A helix of larger* diameter would 
therefore produce a greater effect. 

48. Coil No. 1 remaining as before, helix No. 1^ which is 
nine inches in diameter, was substituted for the small helix 
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of tTic' last cxprriniont, ami with this tho effect at a distaiU’c 
was ninclr increased. When coil No. 2 was added to coil 
No. ], and theenrronts from two small I)atteries sent thro\igh 
these, shocks were distinctly* perceptible through the lonijfue, 
when the distance of the planes of tlic’ coils and the tliree 
helices, united as one, was increased to thirty-six inches. 

49. The action at a distance was still further increased hy 
coiling long wire Qf the large s|)Ool into the form of a 
ring of four feet in di'^^incter, and placing parallel to this 
another ring, formed of tlie four ribands of coils No. 1, 2, .'5, 
and 4. When a current from a single battery of thirty-five 
feet of zinc surface was passed through the riband conductor, 
shocks througli the tongue were felt when the rings were 
sepivutcd to the distance of four feet. As the coiiduclora 
were approximated, the shocks became more and more 
severe ; and when at the distance of twelve inches, they 
coufd not be taken through the body. 

50. It may be stated in this connexion, that the galvanic 
induction of magnetism in soft iron, in reference to distance, 
is also surprisingly great. A cylinder of soft iron, two inches 
in diameter and one foot long, placed in the centre of the 
ring of copper riband, with the battery above mentioned, 
becomes strongly magnetic. 

31. I may perhaps be excused for mentioning in this com- 
munication that the induction at a distance alTorddthc means 
of exhibiting some of the most astonishing experiments, in 
the line of p/n/sitfue amnsnnl(\ to be found perhaps in the 
whole course of science. I will mentiyn one which is soine- 
^ what co^nectpd*with the experiments to be described in the 
next section, and which exhibits the action in a striking 
inaimrr. This consists in causing the induction to take place 
througji the partition wall of two rooms. For this purpose 
coil 1 is suspended against the wall in one room, while 
a person in the adjoining one receives the shock, by grasping 
the handles of the helix, and approaching it to the spot op- 
posite to which the coil is suspended. The effjict is as if by 
^nagic, without a visible cause. It is best produced through 
a door, or thin wooden partition. 

52. The action at a distance affords a simple method of 
graduating the intensity of the shock in the ease of its apjdi- 
cation to medical purposes.. The helix may be suspended 
by a string passing over a pulley, and then gradually lowered 
down towards the plane of the coil, until the shocks are of 
Ihe rec|uired intemsity. At tho rcquo.st of a medical friend, 

I h:wc lately administered the inducid current precisely in 
this wa}^3,in a case of paraly.^is of a part rif the nerve- ot the 
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53. 1 may also mention that the energetic action of the 
spiral conductors enables us to imitate, in a very striking 
manner, the inductive operation of the niagneto-elcctrical 
machine, by means of an unyiterrupted giuvanic current. 
For this purpose it i» dhly necessary to arrange two coils to 
represent the two poles of a horse-shoe magnet, and tocjiiiso 
two helices to revolve past them in a parallcl-plane. While 
a constant current is passing through each coil, ip opposite 
directions, the effect of the rotation oPthe helices is^rccisely 
the same as that of the revolving arn^hturc in the machine. 

54. A remarkable fact should here be noted in reference to 
helix No. 4, which is connected with a subsequent part of 
the investigation. * This helix is formed of copper wire, the 
spires of wdiich arc insulated by a coating of cement instead 
of thread, as in the case of the others. After being used in 
the above experimentsF, a small discharge from a l^eyden jar 
was passed through it, and on applying it again to the coll, I 
was much surprised to find that scarcely any signs of a 
secondary current could be obtained. 

55. The discharge had destroyed the insulation in some 
part, hut this was not sufficient to prevent the magnetizing 
of a bar of iron introduced into the opening at the centre. 
Tlie effect Jippcared to be confined to the inductive action. 
The same accident had before happened to another coil of 
nearly the game kind. It was therefore noted as one of some 
importance. An explanation was afterwards found in a 
peculiar action of the secondary current. 

SECTION IV. 

On the effects produced hij ini erpomi^ different Subs{a?ices 
• heUvcPM the Conductor 's, 

• 

,')f). Sir 11. Davy •found, in magnetizing needles by an 
electrical discharge, that the effect took place through inter- 
posed plates of all substances, conductors and non-con- 
ductors.* The experiment which I have given in paragraph 
51 would appear to indicate that the inductive action which 
produces the secondary current might also follow the same 
law. 

57 . To test this the compound helix w'as placed about five 
inches above coil^ No. 1, fig. 6) and a plate of sheet iron, 
about ,Vth of an inch thick, interposed, \yith this arrange- 
ment no shocks could be obtained ; •although, when the plate 
was withdrawn, they were very intense. 


* Pliilosophical Transactions, 1821. 
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• iTSS. It was at first thouu:l»t that tliis cficcl inijrlil bo pecu- 
liar to the»ir()ii, on account of ith temporary mair.K'tism ; but 
this idea was ^hown to be erroneous by substituting a plate 
of zinc of about the same si:te and tlyckness. With this the 
screening influoiice was exhibited as*b6fore. 

oH. After this a variety of substances was interposed in 
succession, narticly, copper, lead, mercury, acid, water, wood, 
gl.i'-s, iVc#; and it was found that all the perfect conductors, 
such as*the metals, pi*oduce<f the screening inlluence ; hut 
noii-couduetors, as glass, wood, &e., appeared to have no 
effect whatever. 

(if). When the helix was separated fropi the coil by a dis- 
tance onl\ (Ijual to the thickness of the plate, a slight sen- 
sation could be perceived even when the zinc of ,\,th of an 
inch in ihickiK'ss was interposed. This effect w^'is increased 
hy increasing the (piantity of the battery current. If the 
ihlirkncss of the plate was diminished, the indinuion through 
it became more intciise. Thus a sheet of tinfoil interposed 
produced no pcreeplilile inlluence; also four sheets of the 
same were alleuded with the same result. A certain thick- 
ness of metal is thcrcf(»re required to produce the screening 
ertVei, and this thickuv’ss depends on the (juaniity of the 
current from the battery. 

<>1. The idea occurred to me that the screening might, in 
some w’ay, Le connected with an instantaneous current in the 
plate, similar to that in the induction by magnetic rotation, 
discovered by M. Arago. The ingenious variation of tliis 
principle by Messrs* liabbagc and llerscbell, furnished me 
with a simple method of determining lb is point. 

f)2. A circular plate of lead was interposed, which caused 
the vnluction in the helix almost entirely to disappear. A 
slip of the metal was then cut out in the direction of & radius 
of the circle, as is shown in fig. 7* ^^ith ilie plate in this 
condition, no screening w^as prciduced ; the shocks were as 
intense as if the metal were not present, 

6JI. This experiment however is not entirely satisfactory, 
> since the action might have taken place through the opening 
of the lead ; to obviate this objection, another plate was cut 
in the same •manner, and the two interposed with a glass 
plate between them, and so arranged that the opening in the 
one might be covered by the continuous part of the other. 
Still shocks were obtained with undiminished intensity. 

64. But the e5tistenc^ of a current in the interposed con- 
ductor was rendered certain by attaching the inagiii*ti/iiig 
spiral by means of two wires to the edge of the opening in 
the circular plate, as is shown in fig. H. Hy tliis arraugc- 
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mcnt the Intent current was drawn out, and its direction ol)> 
lained by tl\e polarity of a needle placed in the spiral at />. 

65. This current was a secondary f)no, and its direction, 
in conformity with tlic discovery of Dr. Faraday, was found 
to bo the same as tliat the primary current. 

66. That the screening influence is in some way produced 
by the neutralizing action of the current thu» obtained, will 
be clear, from the following experiment. The phde of zinc 
before mentioned, wliich is nwirly twice the diameter of the 
helix, instead of being placed belwefn the conductors, was 
put on tlie top of the helix, and in this position, although the 
neutralization was not as perfect as before, yet a great reduc- 
tion was observed in the intensity of the shock.# 

67 . But here a very interesting and puzzling question 
occurs. Mow docs it happen that two currents, both in* the 
same direction, can neutralize cacli other ? I was at fir^t 
disposed to consider the phenomenon as a case of real elec- 
trical interference, in which the impulses succeed each other 
by some regular interval. But if tliis were true the ellecl 
should depend on the length and other conditions of the cur- 
rent in the interposed conductor. I n order to investigate this, 
several modifications of the experiments were instituted. 

68. First a flat coil (No. [^) was interposed instead of the 

plates. When the two ends of this were separated, J-he 
shocks were received as if the coil were not present ; but 
when the ends were joined, so as tt) form a perfect metallic* 
circuit, no shocks could be obtained. The neutralization with 
the coil in this experiment was even more perfect than with 
tlie plate. ' 4 , 

6 f). Again, coil No. 2, in the form of a ring, was phicednot 
between the conductors, but around the helix. With this 
disposkioii of the apparatus, and the ends of the coil joined, 
the shocks were scarcely perceptible, but when tht ends 
were separated, the presence of the coil has no effect. 

70 . Also when helix No. 1 and 2 were together submitted 
to the influence of coil No. l,the ends of the one being joined, 
the other gavfe no shock. 

71 - The experiments were further varied by placing helix 
No. 2 withili a hollow cylinder of sheet brass, and this again 
within coil No. 2 in a manner similar to that shown in fig. 
which is intended to illustrate another experiment. In this 
arrangement the neutralizing action w^as exhibited, as in the 
case of the plate, • 

72 . A hollow cylinder of iron was next substituted for the 
one of brass, and with tliis also no shocks could be obtained. 

73 . From these experiinoiils it is evident that the nciifral- 
i/ation takes place with currents in the interposed oV adjeun- 
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.^ig^ conductors of all Icn^Uis and intensities, and therefore 
•annot, as il appears lo me, he referred to the intcrh’rcnce of 
wo systems of vibrations. 

74 . 'I'his paVt of tlic investigation was, for a time, given up 
dmost in despair, and it itMS not^intil new light had been 
obtained from another part of the inquiry, that any further 
a(hane(\s eouhl be made towards a solution of the mystery, 
7">. Ilefore [)roeeeding to the next Section, I may here 
state tUiFthe phenoiifciion mentioned, paragraph 54, in refer- 
ence lo helix No 4, is«c*onneetCil e/ith the neutrali/ing aetion. 
'riie electrical discharge having destroyed the insulation at 
some point, a part of the spires would thus form a shut cir- 
cuit, aud tl^e induction in this would counteract the action in 
the* other part of the helix; or, in other words, the helix 
wa^ in the same condition as the two helices mentioned in 
paragra|)h when the; ends of the v^irc of one were joined, 
Ji), Also the same principle appears to liave an important 
l)(‘aring on the improvement of I lie magneto-electrical ma- 
ciiiiH! : since the plates of metal which sometimes forms the 
ends of the spool containing the wire, must necessarily 
diminish the action, and also Irom experiment of paragraph 
7*2 the armature itself may circulate a closed current which 
will interfere with the intensity of the induction in the sur- 
rounding wire. 1 am inclined to believe that the increased 
effect observed by Sturgeon and Baclihoffncr, when a bundle 
of wire is substituted for a solid piece of iron, is ift least in part 
due to the iuterniption of these currents, 1 hope to resume 
this part of the subject, in connexion with several other 
points, in anoJ;her Communication tu»the Society. 

• 77- he .results given in this Section may, at first sight, 
be thought at variance with the statements of Sir H. Davy, 
thaf needles could be magnetized by an electrical (jischargc 
with conductors interposed. But from his method of per- 
forming the experiment, it is evident*tliat the plate of metal 
was placed between a straight conductor and the needle. The 
arrangement was therefore similar to the interrupted circuit 
in the experiment with the cut plate (62), which produces no 
Screening effect. Had the plate been curved into the form 
of a holloig^ cylinder, with the two ends in contact, and the 
needle placed within this, the effect would have been other- 
wise, 

sftCTlON V, 

On the Prodifctlon m{d Properties of induced Currents oj 
the Third, Fourth, arid Fifth order, 

• 78. The fact of the perfect neutralization of the primary 
current by a secondary, in the interposed conduclor, led me 
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to conclude that if the latter could be drawn out, or scpara4fed 
from the influence of tlic former, it would itself bg capable 
of producing a new induced current in a third conductor. 

79 . The arrangement exhibited in fig. 9, furnishes a ready 

means of testing this, /fhe primary current, as usual, is 
passed through coil No. 1, while coil No. 2, is placed over 
this to receive the induction, with its ends joiiK;d to those of 
coil No. liy this disposition the secondary curreiit passes 
through No. li ; and since this is at a (fistance, ancl without 
the influence of the primary, its sep^fi'ate induction will be 
rendered uianifest by the effects on helix No. 1. When the 
Iiandles a, are grasped a powerful shock is rcceiml, proving 
the induction of a tertiary current. • 

80. By a similar but more extended arrangement, as shown 
in fig. 10, shocks were received from currents of a fourth and 
fifth order; and with a*niore powerful primary current, and 
additional coils, a still greater number of successive induc- 
tions might be obtained. 

81. The induction of currents of different orders, of suffi- 
cient intensity to give shocks, could scarcely have been anti- 
cipated from our previous knowledge of the subject. The 
secondary current consists, as it were, of a single wave of 
the natural electricity of the wire, disturbed but for an in- 
stant by the induction of the primary ; yet this has the power 
of inducing another current, but little inferior in energy to 
itself, and thus produces effects apparently much greater in 
proportion to the quantity of electricity in motion than the 
primary current. 

82. Some difference •may be conceived to, exist in the 
action of tlie induced currents, and that from the bfittcry, 
since they are apparently different in nature ; the one con- 
sisting, lis we may suppose, of a single impulse, and the other 
of a succession of such impulses, or a continuous actionr It 
was therefore importanf to investigate the properties of these 
currents, and to compare the results with those before ob- 
tained. 

83. First, iriTc^ercncc to the intensity, it was found that 
with the small battery a shock could be given from the cur- 
rent of the third order to twenty-five persons joining hands ; 
also shocks perceptible in the arms were obtained from a 
current of the fifth order. 

8t. The action at a distance wfts also much greater than 
could have been anticipated. In one experimeiit shocks from 
the tertiary current were distinctly felt through the tongue, 
when helix No. 1, was at the distance of eighteen inches above 
the coil transmitting the secondary current. 
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• The same screening effects were proclncod by the in- 
terposition* of plates of metal between the conductors of the 
different orders^ as those which iiave been described in refer- 
ence to the primary and secondary ewrents. 

86. Also when the long helix is placed over a secondary 
current generated in a short coil, and which is therefore, as 
we have before* shown, one of cpiantity, a tertiary current of 
intensity produced. 

87 . Af^ain, when the intensity current of the last experi- 
ment is passed through* a second helix, and another coil is 
placed over this, a (piantity cuiTcnt is again produced. There- 
fore in the case of these currents, as in tl}at of tlie primary, 
a quantity cdrrcni can be induced from one of intensity ^ and 
the converse. By the arrangement of the apparatus as shown 
in fig. 10, these different results are exhibited at once. The 
induction from coil No. 3, to helix No.*l, produces an inten- 
sitjr current, and from the helix No. 2 and 4, a (piantity 
current. 

88. If the ends of coil No. 2, as in the arrangement of fig. 
S), be united to helix No. 1, instead of coil No. 3, no shocks 
can be obtained ; the quantity current of coil No. 2, appears 
not to be of sufficient intensity to pass through the wire of 
the long helix. 

89. Also, no shocks can be obtained from tlie handles 
attached to helix No. 2, in the arrangement exhibited in fig. 
11. In this case the quantity of electricity in the current 
from the helix appears to be too small to produce any effect, 
unless its power is nuiltiplied by passing it through a con- 
ductor of many«pires. 

* 90. Tlie ntxt inquiry was in reference to the direction of 

these ^currents, and this appeared important in connexion 
with the nature of the action. I'he experiments bf Dr. 
Faraday would render it probable, that^at the beginning and 
ending of the secondary current, its induction on an adjacent 
wire is in contrary directions, as is shown to be the case in 
the primary current. But the whole action of a secondary 
^current is so instantaneous, that the induct4ve effects at the 
beginning and ending cannot be distinguished from each 
other, and \7e can only observe a single impulse, which, 
however, may be considered as the difference of two impulses 
ill opposite directions. 

91. Tlie first experiment* happened to be made with a 
current of the fcAirtli order. The magnetizing spiral (11) 
was attached to the ends of coil No. 4, fig. 10, and by the 
polijrity of the needle it was found that this current was in 
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the same direction with the secondary and primary currents. ^ 
Jiy a too liasty generalization, I was led to conclude, from 
this experiment, that the currents of all orders are in the 
same direction as that of the battery current, and I was the 
more confirmed in this/ from the results of my first experi- 
ments on the currents of ordinary electricity. 1'lie conelusiijii, 
however, caused me much useless labour and^>erplexity, and 
was afterwards proved to be erroneous. ^ 

92. liy a carefid repetition of thR last experifnent, in 
reference to each current, the importSint fact was discovered, 
that tfierr exists an alleniation m the direction of the currents 
of the several orders^ commencing with the secoiidary, 'riiis 
result was so extraordinary, that it was thougJit necessary 
to establish it by a variety of experiments. For this purpose 
the direction was determined by decomposition, and als*o by 
the galvanometer, but the result was still the same; and at 
this stage of the inquiry I was compelled to the concliMsion 
that the directions of the several currents were as follows : 


Primary current, + 

Secondary current, 4- 


Current of the third order, ... — 

Current of the fourth order, . . . + 

Current of the fifth order, ... — 

93. In the first glance at the above table, we are strhek 
with thv fitet that the law of alternation is complete, except 
between the primary and secondary currents, and it appeared 
that this exception might possibly be connected with the 
induced current which takes place in the first coil itself, and 
which gives rise to the phenomena of the Spipl conductor. ^ 
If this should be found to be minus, we might consider it as 
existing bctwTcn the primary and secondary, and the aiYomaly 
would thus disappear. Arrangements were therefora made 
to fully satisfy mysc>f on this point. For this purpose the 
decomposition of dilute acid and the use of the galvanometer 
were resorted to, by placing the apparatus between the ends 
of a cross wire attached to the extremities of the coil, as in 
the arrangement described by Dr. Faraday (ninth series) y 
but all the results persisted in giving a direction to this cur- 
rent the same as stated by Dr, Faraday, namely, that of the 

* It should be recollected that afl the inductions which have been 
mentioned were produced at the moment of brwiking the circuit of 
the battery current. I’he induction at*the formation of the current 
is too feeble to produce the eftects described. 
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• p?Kiiary current. I was therefore oblij^ed to abandon ibe 
suppositign that the anomaly in the change of the current is 
connected with the induction of tlie battery current on itself.^ 

94. Whatever may be the nature or causes of these changes 
in the direction, they oiFor a ret^ly. explanation of tlie 
neutralizing action of the plate interposed between two con- 
ductors, sinc« a secondary current is induced in the plate ; 
and alllunigh the action of this, as has been shown, is in the 
same direction as thC current from the battery, yet it tends 
to induce a current in*the adjacent conducting matter of a 
contrary direction. I'he same explanation is also applicable 
to all the other ciises of neutralization, eveji to those whicli 
take place between tlic conductors of tfie several orders of 
currents. 

95. 'Fhc same principle explains some ellects noted in 
reference to the induction of a current on itself. If a Hat 
coil be connected with the battery, of course sparks will be 
jiroduccd by the induction, at each ruplure of the circuit. 
Jiut if in this condition another flat coil, with its ends joined, 
be placed on the first coil, the intensity of the shock is much 
diminished, and when the several spires of the two coils arc 
mutually interposed by winding the two ribands together 
into one coil, the sparks entirely disappear in the coil trans- 
nvtting the battery current, when the ends of the other are 
joined. To understand this, it is only necessary to inenlioii 
that the induced current in the first coil is a true secondary 
current, and it is therefore neutralized by the action of the 
secondary in the adjoining conductor ; since this tends to 
produce a cur^pnt in the opposite direction. 

«(X>. It would also appear from the perfect neutralization 
wliich ensues in the arrangement of the last paragraph, that 
the induced current in the adjoining conductor ns more 
powerful than that of the first conductor; and we can easily 
see how this may be. The two ends'^of the second coil arc 
joined, and it thus forms a perfect metallic circuit; while the 
circuit of the other coil may be considered as partially 
interrupted, since to render the spark visible the electricity 
must be projected, as it were, through a small distance of 
air. • 

97 . We would also infer that two contiguous secondary 
currents produced by the same induction, would partially 
counteract each otlier. Moving in the same direction, they 
would each tcad to induce a current in the other of an 
opposite direction. This is illustrated by the following 
exj)criment : helix No. 1 and 2 were placed together, hut not 

* Our tlieory, as given in Vol. I. of these Ajinals, fully explains 
till' wli(d(* pheijomenii. Edit. 
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uiiitcJ, above coil No. 1, so that they each receive *^1110 

induction ; the larger was then gradually removed to a 
greater distance from the coil, until the intensity of the shock 
from each was about tly same.* When the ends of the two 
were united, so that the shock would pass through the body 
from the two together, the effect was apparently less than 
with one helix alone. The result, however, wfis not as satis- 
factory as in the case of the other experiments ; a «light dif- 
ference in the intensity of two shocks could not be appre- 
ciated with perfect certainty. 

SECTION VI. 

The production of induced Currents of the different Orders 
front ordinary Electricity , 

9tS. Dr. Faraday, in tlie ninth scries of his researches, remarks 
that “ the effect produc(;d at the commencement and the bnd 
of a current (wiiich arc separated by an interval of time when 
that current is supplied from a voltaic apparatus) must occur 
at the same moment when a common electrical discharge is 
passed through a long wire. Whether if it happen accurately 
at the same moment they would entirely neutralize each 
other, or whether they would not still give some definite 
peculiarity to the discharge, is a matter remaining to be 
examined.”* 

99. 'riic discovery of the fact that the secondary current, 

which exists but for a moment, could induce another current 
of considerable energy, gave some iiulication that similar 
effects might be produced by a discharge of ordini^ry elec- 
tricity, provided a sufficiently perfect insulatfon could be 
obtained. « 

100. *To test this a hollow glass cylinder, fig. 12, of about 
six inches in diameter, was prepared with a narrow riband 
of tinfoil, about thirty feet long, pasted spirally around the 
outside, and a similar riband of the same length, pasted on 
the inside ; so^ that the corresponding spires of the two were 
directly opposite* each other. 'I'he ends of the inner spiral 
passed out of the cylinder through a glass tube, to prevent 
all direct communication between the two. When the ends 
of the inner riband were joined by the magnetizing spiral 
(11), containing a needle, and a discharge from a half gallon 
jar sent through the outer riban*d, the needle was strongly 
magnetized in such a manner as to Indicate* induced cur^ 
rent through the inner riband in the same direction as that 
of the current of the jar, T\m experiment was repeated 
many times, and always with the same result. 
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.“Noi. When the ends of one of the ribands were jilaced very 
nearly in gontact, a small spark was perceived at the open- 
ing, the moment the discharge took place through the other 
riband. ^ 

102. When the ends of tlic same nbiind were separated to 
a considerable distance, a larger spark than the last could 
be drawn from each end by presenting a ball or the knuckle. 

103. i^lso if the ends of the outer riband were united, so 

to foAii a perfect iilctallic (fircuit, a spark could be drawn 

from any point of th€ same, when a discharge was sent 
through the inner riband. 

104. The sparks in the two last experiments are evidently 
due to the action known in ordinary electricity by the name 
of the lateral discharge. To render this clear, it is perhaps 
necessary to recall tlie well known fact, that when the knob 
of a jar is electrified positively, and the outc'r coating in 
cownexion with the earth, then the jar contains a small ex- 
cess of positive electricity be}^ond what is necessary to per- 
fectly neutralize the negative surface. If the knob be put in 
communication with the efirth, the extra (piantity, or the 
free electricity, as it is sometimes called, will be on the ne- 
gative side. When the discharge took place in the above 
experiments, the inner riband became for an instant charged 
with this free electricity, and consequently threw off from 
the outer riband, by ordinary induction, the sparks described. 
It therefore became a question of importance to determine, 
whether the induced current described in paragraph UK) was 
not also a result of the lateral discharge, instead of being a 
true case of a ^conJlary current anakJgous to those produced 

► fr#m galvanism. For this purpose the jar was charged, first 
with the outer coating in connexion with the earth, and again 
with the knob in connexion with the same, so that the extra 
quantity might be in the one case pins and in the other minus \ 
hut the direction of the induced current was not affected by 
these changes; it was always the same, namely, from the 
positive to the negative side of the jar. 

105. When, however, the quantity of free 'electricity was 
* increased, by connecting the knob of the jar with a glohc 

about a fooUin diameter, the intensity of magnetism appeared 
to be somewhat diminished, if the extra quantity was on the 
negative side; and this might be expected, since the free 
electricity, in its escape to* the earth through the riband, in 
this case would«tena to induce a feeble current in the oppo- 
site direction to that of the jar. 

106. The spark from an insulated conductor may be con- 
sidered as consisting almost entirely of this free or extra 
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electricity, and it was found that this \ras also capable of 
producing an induced current, precisely the saute as that 
from the jar. In the experiment which gave this result, one 
end of the outer riband the cylinder (100) was connected 
with the earth, and the other caused to receive a spark from 
a conductor fourteen feet long, and nearly a foot in diameter. 
The direction of the induced current was the same as that of 
the spark from the conductor. ^ t , 

107 . From these experiments it appears evident tliat the 
discharge from llie I^eydcn jar possesses tlie property of 
inducing a secondary current precisely the same as the gal- 
vanic apparatus, and also that this induction is only so far 
connected with the phenomenon of the lateral discharge as 
this latter partakes of the nature of an ordinary electrical 
current. 

108. Experiments were next made in reference to the pro- 
duction of currents of the dilferent orders by ordinary elec- 
tricity. For this purpose a second cylinder was prepared 
with ribands of tinfoil, in a similar manner to the one before 
described. The two were then so connected that the 
secondary current from the first would circulate around the 
second. When a discharge was passed through the outer 
riband of the first cylinder, a tertiary current was induced in 
the inner riband of the second. This was rendered manifest 
by the magnetizing of a needle in a spiral joining the ends 
of the last mentioned riband. 

109. Also by the addition, in the same way, of a third 
cylinder, a current of the fourth order was developed. The 
same result was likewise obtained by using the arrangement 
of the coils and helices shown in fig. 10. For these experi- 
ments, however, the coils were furnished with a double 
coating of silk, and the contiguous conductors separated by 
a large plate of glass. « 

110. Screening effects precisely the same as those ex- 
hibited in the action of galvanism were produced by inter- 
posing a plate pf metal between the conductors of different 
orders, figs. 9 and 10. The prcCiiution was taken to place 
the plate between two frames of glass, in order to be assured 
that the ctfect was not due to a want of perfect ifisulation. 

111. Also analogous results were found when the experi- 
ments were made with coils inteijiosed instead of plates, as 
described in paragraph (58. When the eiwls of the interposed 
coils were separatecl, no .screening observed, but when 
joined, the effect was produced. The existence of the 
induced cnrrenl, in all these experiments, was dctcrmiiwd 
by the magiielUm of a iicialle in a spiral atlaclu d to one of 
the coils. 
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•^12. LikcMvisc shocks were obtained from the seeoiulary 
current by»an arran^eiiKMit slunvn in fi^. I*’5. Helices No. 2 
and No. 3 iinil 4 :'d arc [int within a ^lass jar, and coil No. 2 is 
placed around the same, \\hen th(^haiidles are grasped, a 
shock is felt at the moment of the aiseharge, through the 
outer coil. The siiocks, however, were very different in 
intensity with* different discharges from the jar. In some 
cases no tjiock was received, when again with a less charge, 
a severe ?)nc was obtained. Hht there irregularities find an 
explanation in a subsecjtient part of the investigation. 

1 13. In all these experiments, the results with ordinary 
and galvanic electricity are similar. Jiiit^at this stage of the 
investigatioit there appeared Mdiat at first was considered a 
remarkable difference in the action of the two. I allnde to 
the (lirection of the currents of the different orders, 'riicse, 
in the experiments with the glass* cylinders, instead of 
exhibiting tlie alternations of the galvanic currents (92), were 
all in the same direction as the discharge from the jar, or, in 
other words, they were allyVji.v. 

1 14. To discover, if possible, the cause of this difference, 
a series of experiments was instituted; but the first fact 
developed, instead of affording any new light, seemed to 
render the obscurity more profound. When the directions 
of •the currents were taken in the arrangement of the coils 
(fig. 10) the discrepancy vanished. Alternatiom^werc found 
the same as in the case of galvanism. This result was so 
extraordinary that the experiments were many times repeated, 
first with the glass cylinders, and then with the coils; the 
results, howevef, were always the samS. The cylinders gave 

* cutrents all Hi one direction; the coils in alternate dircclions. 

1 1§. After various hypotheses had been formed, and in 
succession disproved by experiment, the idea occurrefl to me 
that fhe direction of the currents flight depend on the 
distance of the conductors, and this appeared to be the only 
difference existing in the arrangement of the experiments 
with the coils and the cylinders.* In the former the dis- 
^ tance between the ribands was nearly one inch and a half, 
while in the latter it was only the thickness of the glass, or 
about ^‘oth (rf an inch. * 

IIG. In order to test this idea, two narrow slips of tinfoil, 
about twelve feet long, were stretched parallel to each other, 
and separated by thin plate^of mica to the distance of about 

* This idea was not iniincdiatcly adopted, becansr; 1 had j)re- 
yioysly experimented on the direction of tlie Kjcondary current 
from galvanism, and found no clitingc in rclcrencc to distance. 
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Toth of an inch. When a discharge from the half galloiT ja^ 
was passed through one of these, an induced ciuTcnt in the 
same direction was obtained from the other. The ribands 
were then separated, by plates^of glass, to the distance of 
Voth of an inch ; the. current was still in the same direction, 
ov plus. When the distance was increased to about ith of 
an inch, no induced current could be obtained ; and when 
they were still further separated the current again^, appeared, 
but was now found to have « differdnt direction^ or to he 
minus. No other change was obsefved in the direction of 
the current ; the intensity of the induction decreased as the 
ribands were separated. The existence and direction of the 
current, in this experiment, were determined by the polarity 
of the needle in the spiral attached to the ends of one of the 
ribands. 

117 . The question at this time arose, whether the direction 
of the current, as indicated by the polarity of the needle, 
was the true one, since the magnetizing spiral might itself, 
in some cases, induce an opposite current. To satisfy myself 
on this point a scries of charges, of various intensity and 
quantity, from a single spark of the large conductor to the 
full charge of nine jars, were passed through the small spiral, 
which had been used in all the experiments, but they all 
gave the same polarity. The interior of this spiral is so small, 
that the needle is throughout in contact with the wire. 

118. The fact of a change in the direction of the induced 
current by a change in the distance of the conductors, being 
thus established, a great number and variety of experiments 
were made to determiae the other conditions on which the 
change depends. These were sought for in a varfatior/of 
the intensity and quantity of the primary discharge, in the 
length end thickness of the wire, and in the form of the 
circuit. The results were, however, in many cases, aAoma- 
lous, and are not suihcicntly definite to be placed in detail 
before the Society. 1 hope to resume the investigation at 
another time, and will therefore at present briefly state only 
those general facts which appear well established. 

119. With a single half gallon jar, and the conductors se- 
parated to a* distance less than ^‘r,th of an inch, the induced 
current is always in the same direction as the primary. Jlut 
when the conductors are gradually separated, there is always 
found a distance at which the 'current begins to change its 
direction. This distance depends certainly -m the amount of 
the discharge, and probably on thcMntcnsity ; and also on 
the length and thickness of the conductors. With a battery 
of eight half gallon jars, and parallel wires of about ten feet 
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lt)ng, the change in the direction did not take place at a 
distance than from twelve to fifteen indies, and with a still 
larger batterj^and longer conductors, no change was found, 
although the induction was producc&at the distance of several 
feet. 

120. The fiicts given in the last paragraph, relate to the 
inductive action of the primary current ; but it appears from 
the resyilts detailed in paragraphs 110 and 114, that the 
currents of all the otiicr orders also change the direction of 
the inductive influence with a change of the distance. In 
these cases however, the change always takes place at a very 
small distance from the conducting wire*; and in this respect 
the result is similar to the effect of a prunart/ current from 
Iho discharge of a small jar. 

121. The most important exporunents, in reference to 
distance, were made in the lecture room of my respected 
friend, Dr. Hare, of Philadelphia, with the splendid electri- 
cal apparatus described in the Fifth volume (new scries) of 
the Transactions of this Society. The battery consists of 
thirty-two jars, each of the capacity of a gallon. A thick 
copper wire of about j olb of an inch in diameter and eighty 
feet in length, was stretched across the lecture room, and its 
ends brought to the battery, so as to form a trapezium, the 
longer side of which was about thirty-five feet. Along this 
side a wire was stretched of the ordinary bell Size, and the 
extreme ends of this joined by a spiral, similar to the ar- 
rangement shown ill fig. 14. The two wires were at first 
placed within the diStance of about ait inch, and afterwards 

^ jt:(V»stanitly separated after each discharge of the whole battery 
through the thick wire. When a break was made in the se- 
cond*wirc at a, no magnetism was developed in a needle in 
the spiral at 6, but when the circuit was complete, the nee- 
dle at each discharge indicated a current in the same direc- 
tion as that of the battery. When the distance of the two 
wires was increased to sixteen inches, and the ends of the 
second wire placed in two glasses of mercury, -and a finger of 
‘ each hand plunged into the metal, a shock was received, 
llie dircclio/i of the current was still the same, 4mt the mag- 
netism not as strong as at a less distance. 

122. 71>e second wire was next arranged around tlic oIIut, 
so as to enclose it. The cinagnetism by this arrangemeni 
appeared stronger than with the last ; the direction of the 
current was still the saifle, and continued thus, until the two 
wires were at every point separated to the distance of twelve 
feet, except in one place where they were obliged to he 
crossed Ul the distance of seven feet, but Iiere the wires w’cre 

V OL. IV . — No. 22, Janvarfi, 184'J. ^ 
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m;ulc to form a riiijlit angle witli each oilier, and the effect of 
tlie approx iniation was therefore (dO) considered aS nolhing. 
The needle at this surprising <listanee was tolemhly strongly 
ningneti/ed, as w’as sho^i by the cpuintity of filings which 
■would adhere to it. The direction of the current was still 
the same as that of the battery. The form of the room did 
not permit the two wires to be separated to a greater distance. 
The whole length of the circuitjof the iyterior large^yre was 
about eighty feet; that of the extciyor one hundred and 
twenty. Tlie two were not in the same plane, and a part of 
the outer passed through a small adjoining room. 

123. The results exhibited in this experiment are such as 
could scarcely have been anticipated by our previous know- 
ledge of the electrical discharge. They evince a remarkable 
inductive energy, which has not before been distinctly recog- 
nized, but 'wliicb must perform an important part in the 
discharge of electricity from the clouds. Some effects which 
have been observed during thunder storms, appear to he due 
to an action of this kind. 

124. Since a discharge of ordinary electricity produces a 
secondary current in an adjoining wire, it should also produce 
an analagous effect in its own wire ; and to this cause may Ix' 
now referred the peculiar action of a long conductor. It is 
well known that the spark from a very long wire, although 
cpiite short, is remarkably pungent. I was so fortunate as 
to witness a very interesting exhibition of this action during 
some experiments on atmospheric electricity made by a com- 
mittee of the FrankliiiL Institute, in 18»3(3. Two kites were 
attached one above the other, and raised with a snvdl 
wire ill place of a string. On the occasion at which 1 was 
presentf the wire was extended by the kites to the length of 
about one mile. 3'hc day was perfectly clear, yet the svi^arks 
from the W’ire had so mucli projectile force (to use a convenient 
expression of Dr. Hare) that fifteen persons joining hands 
and standing on the ground, received the shock at once, when 
the first person of the series touched the wire. A Leyden 
jar being grasped in the hand by the outer coating, and the • 
knob prcsenfenl to the wire, a severe shock was, received, as 
if by a perforation of the glass, but which was found to be 
the result of the sudden and intense induction. 

125. These effects were evidently not due to the accumu- 
lated intensity at the extremities of the wire,eOn the principles 
of ordinary electrical distribution, since the knuckle required 
to be brought within about a quarter of an inch before the 
spark could be received. It was not alone the quantity, sifice 
the experiments of Wilson prove that the same effect is not 
])rod'iccd with an equal ninount of electricity on the surface 
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• of a large conductor. It appears evidently therefore a case 
of the induction of an electrical current on itself. The wire 
is charged with a considerable quantity of feeble electricity, 
which passes off in the foA’in of a%f urrent along its whole 
length, and thus the induction takes place at the end of the 
discharge, as in the case of a long wire transmitting a current 
of galvanism.* 

126. k is well known that the discharge from an electrical 

battery possesses gre^t divcllent powers ; that it entirely 
separates, in many instances, the particles of the body through 
wliich it passes. This force acts, in part, at least, in the 
direction of the line of the discharge, .and appears to be 
analogous to the repulsive action discovered by Ampere, in 
the. consecutive parts of the same galvanic current. To illus- 
trate this, paste on a piece of glass a narrow slip of tinfoil, 
cut it through at several points, and loosen the ends from 
the glass at the places so cut. Pass a discharge through the 
tinfoil from cabout nine half gallon jars ; the ends, at each 
separation, will be thrown up, and sometimes bent entirely 
liack, as if by the action of a strong repulsive force between 
them. This will be understood by a reference to lig. 14 ; the 
ends are shown bent back at «, r/, «. In the popular ex- 

periment of the pierced card, the bur on each side appears to 
btf due to an action of the same kind.^' 

127 . it now appears probable, from the ftfcts given in 
paragraphs 119 and 120, that the table in paragraph 92 is 
only an approximation to the truth, and that each current 
from galvanism, as well as from electricity, first produces an 
inductile actiofi in the direction of itself, and that the inverse 
iiifiiience takes place at a little distance from the wire. 

128. To test this the compound helix was placet} on coil 
No. k, to receive the induction, and its ends joined to those 
of the outer riband of tinfoil of the gkiss cylinder, while the 
magnetizing spiral was attached to the ends of the inner 
riband. A feeble tertiary current was produced by this 
arrangement, which in two cases gave a polarity to the needle 

• indicating a direction the same as that of* the primary cur- 
rent. In other cases the magnetism was either imperceptible 
or minus. With an arrangement of two coils of wires around 
two glass cylinders, one within the other, the same effect, 
was produced. The magnetism was less when the distance 
of the two sets of spires was smaller, indicatit)g, as it would 

« 

* We have witnessed this fact many years since 111 our strips of 
tiri*foil protecting ; Vol. IT. p. 86. E\h;u vvhcii these strips 
are laid tjccr the toj) of the lining, more than an inch, llicy are 
souietinie.s l)Iovv!i oil, and much perforated. K<lit. 

V 2 
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appear, an approximation to a position of neutrality. ''J''liese 
results are rather of a negative kind, yet they appear to indi- 
cate the same change with distance in the case ofithe galvanic 
currents, as in that of thj^dischai^e of ordinary electricity. 
The distance liowever ftt which the change takes place would 
seem to be less in the former than in the latter. 

129. There is a perfect analogy between the inductive 
action of the primary current from thc^ galvanic apgarutus 
and of that from the larger elecfrical lj|tttcry. The point of 
change, in each, appears to be at a great distance. 

130. 'I'hc neutralizing effect described in Section IV. may 
now be more definitely explained by saying that when a third 
conductor is acted on at the same time by a primary and 
secondary current (unless it be very near the second wire), it 
will fall into the region of the pins influence of the former, 
and into that of the ininns influence of the latter; and hence 
no induction will be produced. 

131. This wdll be rendered perfectly clear by fig. A, in 

which a represents the con- 
ductor of the primary ciir- 

+ a rent, thatof the secondary, 

^ and c the third conductor. 

^,— 1 . I , ,M ■ ■ fj The characters 4- H — 

“I" beginning at the middle c/f 

n j the first conductor and cx- 

H tending downwards, repre- 

4 sent the constant pins in- 

1 « fiuence*of the primary cur- 
rent, and thdse^4- 0, 

8lc., beginning at the second conductor, indicate its inductive ' 
influence as changing with the distance. The third conductor, 
as is shown by the figure, falls in the plus region of the 
primary current, and m the nihtns region of the secondary, 
and hence the two actions neutralize each other, and no appa- 
rent result is produced. 

132. Fig. B indicates the method in which the neutralizing 


Fig. B 


effect is produced in the 
case of the secondary and 
tertiary currents. The wire 
conducting the secondary 
current is represented by A, 
that cofiducting the tertiary 
by c, and the other wire, to 
receive the induction from 
these, by d. The direction 
of the influence, as*before, 
is indicated by 4-0 , 
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&.C., and the third wire is again seen to be in the plus region 
of tlie one current, and in the minus of the other. If, however, 
d is placed »ufficiently near c, then neutralization will not 
take place, but the two currents t^ill conspire to produce in 
it an iiiductioii in the same direction. “ A similar elTect would 
also be produced were the wire c, in fig. A, placed sufficiently 
near the confluctor b, 

l.'k'?. Currents of tjic several orders were likewise produced 
from tfic excitation o^the magneto-electrical machine. The 
same neutralizing effects were observed between these as in 
the case of the currents from the galvanic battery, and hence 
we may infer that also the same alternations take place in the 
direction rjlf the several currents. 

,134. In conclusion, I may perhaps be allowed to state, 
that the facts here presented hav^ been deduced from a 
laborious scries of experiments, and are considered as form- 
ing some addition to our knowledge of electricity, indepen- 
dently of any theoretical considerations. They appear to be 
intimately connected with various phenomena, which have 
been known for some years, but which have not been referred 
to any general law of action. Of this class are the discoveries 
of Savary, on the alternate magnetism of steel needles, placed 
at dilfercnt distances from the line of a discharge of ordinary 
electricity,* and also the magnetic, screening influence of all 
metals, discovered by Dr. Snow Harris, of Ply mouth, f A 
comparative study of the phenomena observed by these dis - 
tinguished savants, and those given in this paper, would 
probably lead to Some new and injportant developments. 
lndec(teveiy ^art of the subject of electro-dynamic induc- 
tion appears to open a field for discovery, which experimental 
induistry cannot fail to cultivate with immediate suegess. 


NOTE. * 


_ ^ O ' J c? 

were presented to the Society, my friend, Dr. Bachc of the 
Hirard College, gave an account of the* investigations of 
Professor Ettingshausen, of Vienna, in refq,rence to the 
improvement of the magneto-electric machine, some of the 
results of which he had witnessed at the University of Vienmi 
about a year since. No pujjlishcd account of these experi- 
ments has yet reached this country, but it appears that 
Professor Ettingshausen had been led to suspect tlie develop- 


♦ Annales de Chimie et de Physique, 1827. 
i Philosophical 'rrunsactioiis, 1831. 
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mcnt of a current in the metal of the keeper of the magneto- 
electric machine, which diniinisheil the effect of the current 
in the coil about the keeper, and hence to se|:)aratc the coil 
from the keeper by ri^g of \wood of some thickness, and 
afterwards, to prevent*entircly the circulation of currents in 
the keeper, by dividing it into segments, and separating them 
by a non-conducting material. I am not aware of the result 
of this last device, nor whether^ the mefhanical diffieyltics in 
its execution were fully overcome, gives me pleasure to 
learn that the improvements, which I nave merely suggested 
as deductions from the principles of the interference of 
induced currents should be in accordance with the 

experimental conclusions of the above named philosopher. 


\XXIX. On I/ightnlng Conductors, and on certain 
Prhtciples in Electrical Science ; being an inrestigation 
of Mr. Stnrgeon\^ Experintenlal and Theoretical ItC’ 
searches in Ulectricilij. published by him in the ^‘/Jnnals 
uf Electricity,^" ^'c, EyW. Snow Harris, Esr/.^F.R.S. 

To the Editors of the Philosophical Magazine and Journal. 

Gentlemen, 

In tlie Annals of l^lectricity for October last will be found 
a memoir on Maririe^ljghtniiig conductors. U'his memoir 
is addressed to the liritish Association, and h consiikred by 
Mr. Sturgeon, the author of it, to merit in a hi^ degree niw 
especial^ consideration of all the learned scientific bo<Ves in 
luimpe and America. 

The author endeavours to show, that a metallic rod whilst 
transmitting a charge of electricity, is always productive of 
powerful lateral explosions, not only on near bodies, but on 
bodies at very great distances. This effect, he thinks, in 
the case of a lightning rod, is a very fearful circumstance. 

y. If thi«} deduction be worth anything, it is altogether 
subversive of the use of such rods as a means t)f protection 
from lightning, I have thought it right, therefore, to examine 
carefully the experiments and reasonings, which have led the 
author to this conclusion ; and since the imjuiry hears mate- 
rially on a fjueslion of great puhlic interest, and contains 
many new phenomena of electrical action, I liopc it may 
not he considered unworthy a place in your very valuable 
.lournal. 
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o. Allliougli Mr. Sturgeon has spoken in a slighting \vay 
of me aijdniy experiments, and has laboured hard to invali- 
date thtMii, i still feel, that any personal eonsidoratioii is 
comparatively of minor consequence. I will not, therefore, 
trouble your readers on the subject? . I merely wish to have 
it understood, that this is not a reply to that large part of the 
memoir leveUcd at myself, hut is simply an investigation of 
the autjior’s ‘‘ Theoretical and Experimental Kesearches,” 
and of* his claims td our coiffidence as a writer on Electrical 
Science. • 

4. So long since as the years 172S and 1729, Mr. Grey 
observed the phenomena of electrical conduction and in- 
sulation. • 

(//). Thus a metallic hall, J, fig. 1, Plate VII. supported on 
the glass rod g, is said to he insulated, and if electrified, will 
cause a spark in the opening hetwetn the metallic body B 
and the ball J. 

(0), If we connect the ball J with any distant body c, by 
means of a metallic wire as in fig. 2, and electrify it as before, 
the S[)ark will still occur in the opening at the distant body 
c, the electricity being conducted by the intermediate wire. 

(c) . 'I'he distance at which this elFect may ensue, is very 
considerable. Mr. Cirey succeeded in making it sensible at 
a distjuice of 7G5 feet.* 

(d) . The clfcct is more sensible when the \)ody B is con- 
nected with the ground, which places it, by a law of electrical 
action, in the most favourable state for receiving the spark. 

5. 1 am desiroug to call especial attention to tliese results, 
notwithstanding their elementary character, because, as we 

■^hall ])resently see, they arc really nothing more or less than 
th^ essence of Mr. Sturgeon’s ??ew researr/ies, and which he 
claims to have considered by all the learned societies of 
Eufope and xAmerica. 

(). When we attempt to charge an electrical jar, J. fig. 3, 
it is observable, that as the charge accumulates on the inner 
surface, a corresponding quantity of electricity is forced oil* 
from the outer, and without this double effect takes place we 
fail to accumulate a charge. 

(e) . To*render this evident, we have only fo place the jar 
on an insulator, as in fig. 3; we shall then find, that for every 
spark wc send into the jar, a similar spark will leave its out- 
side, either from the costing directly, or from any distant 
body c connected witlj it as in fig. 4. 


Priestley’s History of Electricity. 
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The outer coaling J, tlierefore, and distant body c, may be 
considered in their insulated state as being insulated con- 
ductors under the conditions represented in fig. 2. 

(f) . Suppose the jar cjiarged, and that it remains insu- 
lated; then we may discharge it/either by one dense shock 
through the rod t, fig. 4, or gradually, in the reverse way of 
charging; viz. by continuing to draw sparks from the knob 
w, and add them to the coating J : the circumstance how- 
ever of our being enabled to take a finite spark, from* cither 
side alternately, whilst the jar rests on^an insulator, is suffi- 
cient to show, that the accumulated electricity is never ex- 
actly balanced between the opposed coatings, so that there 
will always be an excess of either positive or negative electri- 
city over the neutralizing quantities themselves, disposed on 
the coatings of tlie jar. 

(g) . When therefore' we discharge the jar, this excess of 
free electricity will speedily expand itself over the outer sur- 
face J, the discharging rod t, the knob of the jar m, or any 
other body, c, fig. 4, connected with it, which, as in the casc^ 
of the simply electrified conductor, J, fig. 2, will cause a spark 
to occur in either of those places. The intensity of this spark 
however will depend on the capacity of the jar. It is lass with 
a large jar, and greater with a small one, the quantity of elec- 
trienty discharged being the same. 

(//). When the jar has been discharged, the knob, the 
out(‘r coating, and all the bodies connected with it, will be 
found in the same electrical state. W'^e may make this state 
either positive or negative, by taking a spfirk either from the 
knob or coating previously to discharging the jar. 

(/). 4'his small spark caused by the excess of free electri 
city, may be obtained even though the jar be connected with 
th(j earth, provided we seize it before the conductors have 
had time to operate in carrying off' the residuary accumula- 
tion ; Professor W heatstone having shown l)y his unrivalled 
experimenis on electrical conduction, that some portion of 
time elapses in the pas.-^age of tdectricity through wires. 

Py bringing a nyitallic ball, 15, fig. 3 and 4, therefore in a 
free state, eitlici very near the discharging rod c c, fig. 3, the 
outer coating J, or any body, c, fig. 4 , in connexion with it, 
previously to making the discharge, we seize as it were some 
of the resi'Juary electricity before it has time to pass off, and 
lienee it becomes evident in this \)articubir direction. Tho 
(dfect, however, will be necessarily greatest when the jar and 
its appendages are quite insulated. After this spark has taken 
])lace, the jar will be found again slightly charged, with whj^t 
has been called a residuary charge, so that the phenomenon 



313 


•Ml. Hi. iris, OH Lightning Co7i(b(clor^, 

• 

itself is actually the same as that already observed in 
charging tljo jar originally (c). 

7. Now thesjR simple experiments (g), {h), (/), are just the 
experiments described by Mr. Sturge<)n, in which he imagines 
that the small spark above described ,*is. produced by a lateral 
action of the rod carrying oft* the discharge. He seems to 
consider it as a novel and important fact, and calls upon the 
principal scientific bodies in Europe and America,” and 
the aMcst electriciafts the t^orld can produce,” in order 
that it may be fully sif^fed and explained. He takes great 
credit for having placed this subject before them in a proper 
light,” and cannot account for the circumsjtance of my having 
overlooked iK* 

S. Bui since it is clear that this supposed lateral explosion 
really resolves itself into one or two simple facts (a) (b), 
known to electricians for more than % century since, “ the 
ablest electricians the world can produce,” may, perhaps, be 
disposed to think such an occupation of their time unne- 
cessary, and the several Learned Societies in Europe and 
America” may consider it would have been cjuite as well for 
Mr. Slurgeon’s credit, as a lecturer on natural philosophy, if 
he had not troubled them on the occasion. 

1). The following is Mr. Sturgeon’s version of these expe- 
riments : 

'riiis kind of lateral discharge, consists in tbe displace- 
ment of the electrical fluid of bodies vicinal to a continuous 
conductor carrying the primitive discharge.” 

Exp. — If a Leydey jar, J, fig 2, be discharged through a 
rod cc, a sparkiwill appear at the opening o, between the 
^!fWallic1)ody*B placed near the rod. 

b'xp. — If instead of discharging the jar through the rod c a, 
fig. 4, we discharge it by a common discharging rod*/, still 
the spSrk will appear at o, as before. ^ 

“ 4 he eflect,” he says, is much increased by connecting 
the body B with the ground, and diminished to a certain ex- 
tent by connecting the outside of the jar w ith the ground.” 1 
^have produced the spark, he says, between c c, and the 
body B when placed at .^0 feet from the rf/>cc/\lischargc. 

“ By this kind of lateral discharge,” he observes, a dense 
spark Jiiay be produced when the bodies B and cc, fig. 3, are 
half an inch apart. 4’hough the jar be only of the capacily 
of a quart, chemical decompositions may be effected by it.” 

• 

* “ r mean to submit the substances of my Memoir to the coii- 
sifkratioii of the principal scientific bodies in Europe and America, 
in order ijiat the subject may be fully sifted and explained by the 
ablest electricians the world * an produce .*’ — uj Llcd.^ p. lUl. 
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10. Mr. Sturgeon does not state precisely how these r>»- 
perimenls were conducted, hut the nature of tlije inanipuhi- 
lions would have a material cllcct on the rejjult. If for ex- 
ample a small jar of <i# (|uart capacity were charging from a 
very powerful niaclMue, and the discharge produced at the 
time of charging, cither hy a spontaneous explosion betwTcn 
the halls, vie, lig. 3, or hy'^an insulated discharger, then, as 
is evident, not only wouhl the outer coating and its append- 
ages hecoine charged with thft residiiJlry electricity* proper to 
the jar, but also by electricity frofn the prime conductor, 
which would assuredly pass over at the instant of the dis- 
charge. In Mr. f^turgeon’s account of his experiments this 
fallacious method would appear to have bee if resorted to. 
I Ic says, a spark is felt at every discliarge through the cir- 
cuit rcpresonled in the figure,” that is 7n c c, fig. 3. Now the 
continued discharges "implied in this statement, could only he 
producf?d hy continuing to work the machine in connexion 
with the jar. This circuinslancc alone would be sufficient to 
falsify the whole. 

21. I’he following experiments are not unimportant as 
hearing on the present question. 

(/t). T.et a jar. J, fig. 3, be charged positively, removed 
from the machine, and insulated. — Under this condiiion dis- 
charge it. When discharged, let the electrical state of the knob 
7n, discharging conductor c c, the outer coating J , or any dis- 
tant body ccy fig. 4, connected wnih it, he examined; they 
will all he found in the same electrical stale, which state ^\ill 
be precisely that, exhibited hy tlio outer coating and kmoh, 
whilst charging, and the small residuary sj)firk will he plus. 

(1). (diarge the jar as before; hut before "disdrargiifg^i, 
withdraw the free electricity from the knob. The el^^ctrical 
slate of the coaling and appendages will he now changed, 
and the small residuary spark will be minus. 

(///). Immediately after the discharge, apply a metallic 
body H, lig. 3 and 4, either to the coating J, or any body 
connected with it. A residuary spark will be thrown off. 

(y/). Place a •metallic body 15 near the discharger, or outc^r 
coaling, previously to making the discharge; the spark will 
then appear to ensue at the time of the dischafge. 

(o'), lOxaminc the jar after this residuary spark has been 
taken from the outer coating, and it will be found again slightly 
charged as at tirst, • 

(/?). Charge a jar, exposing ahgut two square feci of coat- 
ing, with a given quantity of electricity, measured by the unit 
jar u, fig. 5. l.et a conducting rod terminal iiig in a Uall r, 
project from the outer coating, and place near it t^ie electro- 
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fujopc E.* Discharge the jar through the rod c c, as before, 
find ol)ser\Hi the amount of divergence of the elect roscope. 
Double the capacity of the jar, and again accumulate and 
discharge the same quantity. , The divergence of the electro- 
scope will be very considerably decreased. Add a second 
a ml a third jar to the former, and the effect will be at last 
S(;arcely percc})tible : connect tBe jar with the ground, and 
with a givien quantity the spark will vanish altogether. 

(y). Accumulate a ‘given qtiantity as before, and observe 
the effect of the residuary charge on the electroscope. Let 
a double, treble, &c., quantity be accumulated and discharged 
from a double, treble, &c., extent of surface; that is to say, 
for a double^quantity employ two similar jars, and so on: the 
effect will remain the ijanic. 

(/’). llic quantity and surface remaining constant, let the 
discharge be effected by discharging^ circuits c c, fig 3, of 
different dimensions from a large rod down to a line wire 
which the charge in passing can make red-hot. Dbserve the 
effect on the electroscope in each case : it wull be found nearly 
the same, being rather less where the tension in the dischar- 
ging wire is very considerable. 

(s). Connect the jar with the ground, and place between 
the discharging conductor c fig. 3, and a metallic mass U, a 
snrdll quantity of percussion powder, inclosed in thin paper. 
I’he powder will not be inflamed, even in the cnfue of the dis- 
charging conductor becoming red-hot: whereas in passing 
the slightest spark, it inflames directly. 

(^). Insulate a cir«ular conducting disc, M, fig. G, of four 
feet in jliainetef : it may be made of ‘wood covered with tin 
ToTl ; oppose fo it a similar disc, N, connected with the ground. 
Placo a conducting rod, c c, on the lower plate, and near it a 
met allic body, o; electrify the upper plate,//?.; dense sparks 
will tail on the rod, cc, but no effect is observable on the 
vicinal body, o, even though percussion powder be placed in 
the opening. 

12. These experiments are conclusive of the nature of Mr. 
. Sturgeon’s experiments. 

Exp. (Ar). (/). — show, that the electricity of (Se spark varies 
with that of*the coatings. 

Kxp, (m). — proves that the s^rn’k is readily obtained ^//er 
the discharge has taken place; it is not therefore any lateral 
explosion caused by the discfliarging rod. 

« 

* The electroscope I eni|>loyed is described in the ffVnnsc'ictions 
of tlie Royal Society for Part page 214. f or nioie accu- 

ralc ineuysuremeiit vve should cinploy tlic electrometer, p. 215. 
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Exp. (o). — proves tliat the spark is merely a residual ao- 
cumulation. • 

Exp. (/?). {q ). — prove that the spark is of different degrees 
of force, when the ole^lricity ig discharged from a greater or 
less extent of surface, whilst double, treble, cS:c., quantities, 
when discharged from double, treble, &c., surfaces, give the 
same spark. Now as no one can doubt but that the effect of 
a double, &c. quantity should be greater than a »ingle, &c. 
quantity, it is again evident that the spark is not caused by 
any lateral expiosion from the discTiarging rod; it being a 
woll-establi.>hed law, that the same quantity has the same 
heating etlect on .wires, whether discharged from a great 
surface or a small one, from thick glass or thiit; some little 
allowance being made for the greater number of rods, &c., 
when the surface is increased by an additional number of jars.* 
The effect therefore depending on the jar, Mr. Sturgeon had 
a greater chance witli a small jar than with a large one. 

J^xp. (r), — proves that the degree of tension in the rod is 
not of any consequence. 

ICxp. — show, that no kind of lateral action arises 

during the passage of the charge. 

13. Mr. Sturgeon confounds this residuary spark, with the 
Earl of Stanhope’s cx])eriments on induction: he observes, 
p. 170, “Viscount Mahon studied this kind of lateral dis- 
charge very, extensively.” But any one who considers His 
J.ordship’s work, will soon detect the fallacy of such a con- 
clusion. Lord Mahon shows, that when an electrical charge 
is about to pass from a body M, fig 7, •in the direction C L, 
the action upon a near l)ody N will displace^oine of its elec- 
tricity; hence a spaik will take place at E between that bouy 
and another connected with the ground whenever the dis<»harge 
takes place from M, in consequence of the return of tlie dis- 
placed electricity. This effect His Lordship termed the “ re- 
tuining stroke.” Now to apply this to the operation of a 
thunder cloud. Let M, fig. 0, represent a mass of cloud 
covering a portion of the earth’s surface N. I.et c 6* be a dis- 
charging rod, and o some near body. Then by Lord Stan- 
hope’s expejmient the charged cloud M will displace from the 
surface N, and all the bodies on it as c c, o, &c. a portion of 
their natural electricity, which will again return when the dis- 
charge has been effi 3 cted. The conditions of Lord Mahon’s 
experiment cannot obtain between the •conductor cc and the 

« 

* Philosophical Transactions for 183<4. Part If. p. 225, ‘and 
Faraday’s Uesea relies. 
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Ijtxly 0 , since they are both in the same forced state.* It is 
very easy to perceive, that the electrical relations of two 
bodies 0 and between the boards, is different from that 
between a conductor J, fig. 1,* charge?^ with electricity, and 
a body H in its natural state; or that of a* conductor C, fig. (>, 
carrying off the displaced electricity of the lower plate N, and 
a body \i, neutral. Besides, in Lord Mahon’s experiment, 
fig. 7, the electricity of the return spark is different from that 
of the primitive charge in M; wTiereas, in Mr. Sturgeon’s ex- 
periment, the spark is of the same kind. So little did 1 1 is 
Lordship anticipate any objection to the use of lightning rods 
in consefjuence of his experiments, that he declares his con- 
viction of their passive operation, and reproves those who 
“ igngrantly conclude” that they are of a dangerous nature. 

14. We have been here discussing what tlie author calls a 
t/iird kind of lateral discharge; hut he mentions a /irst and 
second kind also. The first kind, he says, takes place at 
every interruption of a metallic circuit ; ” ‘^it displaces loose 
bodies,” &c. This is evidently the effect of mechanical ex- 
pansion, and is the very effect we avoid by means of a lightning 
rod. Tie alludes to Dr. l^riestley as authority on this point ; 
how unfortunate for his whole doctrine ! Let us consider for 
a moment what Dr. Priestley says: ‘^That the cause of this 
dis|fersion of bodies in the neighbourhood of electrical ex- 
plosions is not their being sudde?tli/ charged with electric mat- 
ter, is, I think, evident. 1 never observed the least attraction 
of these bodies toward the brass rods, throiigh which the ex- 
plosion passed, although I used several niethods which could 
not f ail tejshow i?. 1 even found that the explosion of a bat- 

tery made ever so near a brass rod, did not so much as disturb 
its eleotric fluid; for when I had insulated the rod, and hung 
a pair qf pith balls on the end opposite to that near w'hich the 
explosion passed, I found the balls w^re not in the least 
moved.t 

* This applies to Mr. Sturgeon’s Exp. (9). — If B fig. r, 3, wore 
on the same insulation witli the jar J and rod c, no spark could occur 
at 0 , except by a division of the charge, whatever q^ntity passed 
througli c. Tlfl.s fact alone is conclusive of the point in question, 
proving clearly that the spark is not a lateral explosion. 

+ l^e reaefer will distinguish here between this experiment and 
Lord Mahon’s. The latter relatef to the influence of a pennanoiitly 
charged conductor on a body neutral ; whereas Priestley’s aj)plies 
to the action of wires carrying vanishing quantities of electricity, 
the very essence of Mr. Sturgeon’s expernnent. Dr. Priestley would 
not Ifave told us, had he brought liis rod near the free side of his 
battery, thot then the pith halls were not moved. 
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We have seen how little support Mr. Sturgeon derived 
from liOrd Mahon; he obtains still less from Ih’iesiley, who, 
without any compromise, sweeps away his whole theory. 
Lord Stanliope and Dr ^Priest h^y, eminent amongst the phi- 
losophers of their da}, will be doubtless admitted to be as 
good authority as Mr. Sturgeon. 

15. The second kind of lateral discharge 'is, we are in- 
formed, ‘^a radiation of electric matter from conductors carry- 
ing the primitive discharge.” *It takes place, the author says, 
from edges, and that hence sharp eTlges of metal carrying a 
flash of lightning would discharge necessarily a great (puintity 
of fluid into neighl)ouring bodies.” No author is pn ssed into 
the service on this occasion, and for the best possible, reason, 
no accredited writer has ever treated of such a phenomenon 
as applying to a lightning rod. It is in fact a})plicable only to 
charged conductors, ^hus ragged or pointed rods attached 
to the prime conductor of the electrical machine exhibit brushes 
of light, whilst other similar bodies, within their influence, 
have the appearance of stars. The lights on steeples, and on 
the sail yard and masts of ships, mentioned by Pliny, are of 
this kind. Franklin explained these phenomena, ami showed 
that pointed bodies were favourable to the rapid dissipation of 
electrical accumulations, atul, as is well known, availed himself 
of the important fact in his application of the pointed light- 
ning rod. How Mr. Sturgeon has contrived to associate this 
effect with the effects of discharges of lightning through con- 
ductors it is difficult to say. It is certainly a very strange 
confusion of things. ^That the effect ii>questioii has nothing 
to do with a sharp or round edge, or angulaf'dischai:ges, may 
he shown by the following experiments : — 

(77). Dr. Priestley discharged a battery over a wire circuit 
perfectly straight, and also over the same circuit passed about 
pins so as to make sharp angles : — the result of the charge on 
fusing a given length of wire was not influenced, which could 
hardly have been if ihc angular portion had thrown off or 
discharged into the iieiglihouring pins, &c. any of the charge, 
it being well known that the least diminution of quantity is 
fatal to a dej&ate experiment on the fusion of wire. 

(i?). Discharge a given quantity of electricity* by a continu- 
ous rod free of edges, through a wire passed through the ball 
of an air thermometer, and also by a similar rod with ragged 
edges, placed near other nicta*ilic masses : the cflect on the 
wire remains unchanged.* 

«i ’ 

* For a description of this instrument, termed an electro-llier- 
mometer, see Transactions of the Itoyal Society fur 1837, ]>. 18. 
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• It is not dlfliciilt to perceive the distinction of the two cases 
just alhidcd*to. If E)r. Priestley had insulated his wire, and 
then charged in the ordinary way, brushes of light would 
doubtless have escaped from, the an gjilar portions ; whereas 
the wire when acting as a discharging circuit can exhibit no 
such a})poarance. The electricity is then evanescent, and by 
a law of clectricM action determined rapidly toward the nega- 
tive surfact. Many facts might be adduced conclusive of this 
point, but it seems scarcely worth while to dwell longer on 
it. * 

16. The great end which the author proposes to himself in 
this memoir, is an exposition of the danger attendant on my 
methotl of fi.^ed lightning conductors for ships, successfully 
tried ^in the liritish navy for upwards of ten years ; — with a 
view to a suhstilulion of an untried method of his own. It 
may be worth while, therefore, in conefusion, to see whether 
the objections he so strongly insists on, do not equally ap[)ly 
to his own conductors as well as to mine, and, in short, to 
lightning conductors generally. 

17. In the first place, he tells us (see 191.) that it is pos- 
sible for the most spacious conductor that can be apjfiied to a 
ship to be rendered sufficiently hot by lightning to ignite gun- 
powder.” 

IH. In the next ifiace, he says, (202.) that the lateral dis- 
charge will always take place when the vicinal bodies arc ca- 
pacious, and near the principal conductor or any of its me- 
tallic appendages.” This was the case, he says, when only 
his small jar was used, and with thig small jar he could 

E luce ^ateral discharges at a distance of fifty feet from the 
ct discharge,” 

19. tThirdly, he tells us (203.) that ^Hhe magnitude and 
intensity of a flash of lightning being infinitely greater than 
anything which can be produced artificially, the lateral dis- 
charges must be proportionally greater that is to say infi- 
nitehy great. 

20. Taking these data as true then, it follows that any 
lightning conductor carrying a flash of lightnin^^ would at an 
infinite distance, produce a lateral explosion inj^ilely great, 
and of course *do an infinite deal of mischief. Hence, eveiy 
powder magazine having a lightning conductor, every ship 
with a lightning chain in her rigging, should whenever light- 
ning struck the conductor be^estroyed; for in no ca.se is the 
conductor at one third the distance from the inflammahle 
matter, of that, at which Mr. Sturgeon can produce a lateral 
discharge with a jar of “only a quart capacity,” viz. “50 
feet.” . 
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21. But Mr. Sturgeon proposes to apply cylindrical coppoi 
rods in the rigging; their “ upper extremities to he attached 
to the tops, &c. &c.,” “ their lower extreinitieo to the chains 
of the shrouds,” and »to be united ^^by broad straps of 
copper to the sheathing,” that is to say, by conductors with 
edges, which he says throw off the charge into neighbouring 
bodies ; this too after having told us, that the most spacious 
conductor may become red-hot, and that lateral discharges 
always take place when the vicinal bodies are capacfons, and 
near the principal conductor or any oflls metallic appendages. 
Under such circumstances what is to become of the rigging, 
sails, masts? will. they not be set on fire? Arc not the 
massive iron hoops and other metals about the masts, the 
chains of the shrouds bolted through the ship’s side,, and 
other metallic bodies in the hull, such as bolts, tanks, chain 
cables, &c. &c., vicinal capacious bodies , and reaching by 
interrupted metallic circuits up to the very magazines Mr. 
Sturgeon talks so much about ? Must not a ship with such 
conductors be necessarily destroyed ? Surely he must give 
the British Association and the learned bodies of Europe and 
America, &c., very little credit for philosophical penetration, 
if he thinks they will not immediately discard such philosophy 
as this. 

22. Either his theoretical and experimental researchbs” 
are true, and his system of conductors fatal and absurd, or 
otherwise, if his conductors be good for anything, then his 
theoretical and experimental researches are good for nothing. 
He may adhere eithe/ to the one or the other, but he cannot 
have both ; such is the reduclio ad adsurdtfni in wl^ich he is 
involved. 

Mr.^ Sturgeon’s anxiety to arrive at conclusions unfevour- 
ablc to my conductors, has led him to conclusions sub.versive 
of all conductors, hia o//*/? especially. 

23. 'I'he mere circumstance of finding his " third kind of 
lateral explosion” decrease in power, by uninsulating his jar, 
might alone have led him to doubt the accuracy of his de- 
duction. On. so important a point, and before he ventured 
to awaken t}?^ prejudices and fears of the uninformed, we had 
a right to expect at his hands a profound scientific inquiry. 
He should, at least, have tried whether he could not get this 
spark after the main charge had passed (m) as well as at the 
apparent time of passing. Th^ quantity of electricity should 
have been accurately measured, and its effects in producing 
the spark determined, both in relation to the quantity and 
surface over which it was distributed (p). The form ‘and 
dimensions of the discharging conductor should have been 
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^varied (r). The final electrical state of his apparatus, as also 
the electricity of the spark, should in common prudence have 
been examined, (A:), together with other manipulations quite 
inexcusable to neglect on such an .occasion. He has how- 
ever, failed in everything ^alculatetl Jo give value to his 
inquiries, as I think has been fully shown. They are hence 
not entitled to the smallest confidence, and it is not a little 
extraordinary that he should have done so, whilst taking 
credit to Tiimself for superior ^sagacity ^ and an acquaintance 
with facts of which h» says I did not seem to be aware,’" 
c. g. the most common-place facts in electricity. 

24. In conclusion, I have no hesitation in giving it as my 
confirmed c^inion, after a long and sev’ere examination of 
the laws of electrical action, and of cases of ships and buildings 
struck by lightning ; — that a lightning rod is purely passive, 
that it operates simply in carrying otf the lightning which 
falls on it, without any lateral explosive action whatever, 1 
do not deny the general inductive effect mentioned by Lord 
Stanhope on bodies oppol^d to the influence of the tliunder- 
cloud, and that the displaced electricity will again find its 
equilibrium of distribution, and return to those bodies, which 
effect would necessarily take place, whether we had a light- 
ning rod or not (13); an additional reason for linking the 
detached conductors in a ship’s hull into one great mass, so 
as to have as few interrupted circuits as possjblc in any 
direction. 

This opinion, by the citation of a few striking cases in 
which ships have been struck by lightning, I hope in a future 
paper fully to djstantiate, should you 'think the subject of 
sufficients cons ;uence.* 


. Appendix. 

The author, probably perceiving how little he had gained 
by quoting Lord Mahon and Dr. Priestley, observes, in a 
suppl^yjntary note, page 235, Perhaps the experiments of 
Prjjgssor^^I^®*^^y would be more to my purpose.” These 
ekperimentiJ^-' however, are no more to his “purpose” than 
the others, al** any one may see who will examifie the Pro- 
fessor’s commul^ication, in the seventh report of the British 
Association, page'' 25, The experiments there described relate 
to minor electrical \4is<^h^rges3, similar to those already men- 
tioned (i). These \^re obtained by throwing simple sparks 

[* We shall be most Hssmpy to receive and insert any furtlier 
coinifninication from Mr, Harris, — Edit.] 

VoL. IV.— No. 22, January^ 1840. Z 



322 


071 Lightning Conductoi's, 


from an electrical machine, on small wires or rods, cither 
insulated or connected with the earth : the wires became luini-' 
nous and the rods emitted sparks. In this case, a§ Professor 
Henry observes, the electricity of the machine must be con- 
sidered as free electricity ; and «s the bodies on which they 
fell were all in their natural state, the spark is immediately 
thrown olF as a lateral discharge. Whether insulated or not, 
the electricity of the body is evidently acted on by induction, 
before the spark can be distributed, over it or t?ip earth. 
Hence, when sparks of about an inch Jong are thrown on the 
upper end of a lightning-rod, or other metallic body passing 
into the earth, the induction upon the rod and earth recpiiring 
a short time for its' development, a spark is thrown off upon 
any adjacent conductor in a state to receive it. iSuch experi- 
ments, therefore, apply only to small quantities of electricity 
suddenly thrown upon* conductors in a neutral state. This, 
as I have shown, (13, figure 0,) is a distinct case from that, 
in which a charged surface throws off* its redundant electricity 
upon an opposite surface eager to receive it through a con- 
ducting-rod sharing in the electrical state of that surface, and 
which is consequently prepared already by induction to dis- 
charge it. One might be led to infer, from the particular 
description given by the author of this experiment, page 235, 
that sparks had been ol>tained from a lightning-rod at tlie time 
of its conve^'ing a discharge of lightning. It may not be aiifiiss 
to add, that Professor Henry di<l not consider these experi- 
ments as applicable to lightning-rods ; and that in accordance 
with the opinion of Ihoi, he thinks the spark observable at 
the time of discharging a jar — that is? Mr. Sturgeon’s new 
fact — is entirely owing to a small quantity of redinuyint elec- 
tricity always existing on one side of the jar, as 1 have already 
stated/ (/*), aiid not to the whole charge, • 

I am. Gentlemen, 

* Yours, &c. 

W. Snow Harris. 

Plymouth^ Nov, 5, 1839. 


/ 


Westmoreland 


^ttage, 


My dear Sir, , 

I have read your, preceding paper very ^efully, under the 
expectation of finding some dose reasoning 

from the pen of one who has so deServ-^^y reputation oi 
being an indefatigable experimenter h electricity. 1 expected, 
also, from the title of your paper, you would have lavGS- 
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ligated my fourth momoir, paragraph by paragraph, in the 
same uniform manner in which they are arranged; pointing 
out their correctness or incorrectness, in a manly and 
scientific ordeK Rut, although I have been sadly disap- 
pointed in this particular, 1 atn yet wHling to believe that the 
next time you attempt to investigate any of the results of my 
enquiries, your present irritation will have subsided; and that 
you will see the necessity and importance of keeping clos*^ 
to your »u))ject: for no irritated man can be expected to rea- 
son well. it 

I am exceedingly sorry to find that you think I have 

laboured hard to invalidate” your experiments which were 
shown to tliQ Navy Board, at Plymouth, and the British As- 
sociation, at Liverpool, &c., when no efibrt of the mind was 
necessary for the purpose. No electrician need “ labour hard*’ 
to show the deceptive character of those experiments ; nor 
would it require much elfort of the mind lo come to the con- 
clusion that those experiments w^erc either intended to 
deceive, or that their author was sadly abroad Irom his sub- 
ject. It would be impossible for me to know wliich side of 
this dilemma you mean to choose: but I hope you will be 
enabled to clear up this point and that without delay ; for 
upon this point alone haiigs much of your credit (which 1 
hope never to see sullied) as an electrician and a philanthro- 
pist, My only motive for reviewing your illKStrathe experi- 
ments w^as that of “ placing them in a proper 'light,” and 
I can never expect that you will object to an examination of 
your illustrations of a topic of such deep inlerest as that of 
marine lightning^ conductors, where thonsands of brave men’s 
Ji^ es aro»eith(?r to be protected or placed in wanton jeopardy. 
Think seriously on the importance of this subject before you 
ventutc one step farther in your project, and allow candour 
and experience to be w^ell weighed in your mind on this mo- 
mentous occasion. No one would havt? been more delighted 
than myself had your long paper shown anything like dis- 
passionate controversial argument with close adherence to the 
subject; instead of which 1 am sorry to say, you havc indulged 
in blunt and useless asperities which arc fort'igii to .scientific 
discussion, a,nd fatal to the progress of all ralioWl pursuits. 

You must excuse my discussing the vaiious parls of 
your paper individually, at this moment, as my duties 
press too closely on my ti{ne to give them proper atten- 
tion* I can only now repeat that I am much disappointed at 
your not touching on the** most vital part of my memoir, nor 
of producing any argument in favour ul’ your favourite |)hin ot 
marine lightning conductors. In the ru'xt imiaher of these 

Z2 
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Annals you may expect a full and ample analysis of your 
paper: at present I will merely offer a few questions for your 
solution, which, as a gentleman and electrician, you will un- 
doubtedly attend to. 

Have I, or have I pof, given S fair and candid explanation 
of your experiments before the Navy Board, at Plymouth ? 
(Fourth Memoir, 176, 177, 178, 179). 

Have I, or have I not, pointed out other experiments which, 
as an electrician, you ought t© have made the" Navy Board 
acquainted with in such an important ^enquiry? (180). 

Do you mean to be considered a philosopher, or a necro- 
mancer, by endeavouring to persuade the Biitish Association 
that your blowing asunder two pieces of wood gunpowder y 
was a true representation of the effects of lightning on a 
ship’s mast? (181). 

Have you, or have you not, made any other experiments 
to show the superior efficacy of your proposed conductors? 

Have you, or have you not, made yourself well acquainted 
with atmospheric electricity by a long series of kite experi- 
ments? 

To what kind of electrical action do you allude the bursting 
of the iron hoops of the mainmast, &c., of the Rodney, and 
the springing of the nails, and displacement of the lead of 

the lantern of the dome” of the Hotel dex Invalides? 

Which do you think most prudent, to endeavour to lead 
lightning into the ship, or to endeavour to keep it out of the 
ship? 

These are plain simple questions, and require nothing more 
than plain, simple, and unequivocal answers, 

I am, dear Sir, • » u.. 

Yours very truly, 

• W. STURGKON. 

To W, Snow Harris, Esq. 

P.S. I hope you will perceive that I have no motive in 
this great question, further than that of eliciting truth and 
protecting our- brave tars from the most formidable of all 
nature’s elements : and you may depend upon ijiy giving you 
every advantage that these Annals will afford, to support the 
plan which you have proposed. You will acknowledge that 
I have hitherto been candid in t^is particular, by transplant- 
ing your paper from another Journal to the Annals; and as 
it is possible that yonr letter of the 1 5th of September may 
have some weight in your favour, I now offer it to the perusal 
of our readers. W. S. ‘ 
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Plymouth, September, 1;5, IS31). 

Dcar^Sir, 

1 have nevdl* received the papers on electricity alluded to in 
your letter of the 12th instant, and with which I have been 
duly favoured. 1 do not think any* communications of 
the kind werq^ received for the Physical Section, of which I 
was one of the Secretaries at the hist meeting of the Hritisli 
AssociajJbn, at Birmingham ;,at least, if they were, I know 
iiolliing about it. I cannot understand how any one acquainted 
with the nature of ordinary electrical discharges, and conver- 
sant with the practical results on the great scale of nature, 
can at all dissent from the simple and plirin method 1 employ 
lor guarding shipping against lightning. However, you seem 
to think my scheme a dangerous one ; and 1 will allow that 
your opinions are entitled to much cQnsideration ; you have 
entered with considerable ability and skill into electrical 
actions, and you have my best acknowledgments of your 
talents. 1 cannot say as much for those who have been lately 
engaged in the illiberal crusade against me and my opinions, 
in liondon. But as 1 do not in any way care for, or value 
what they say, I do not think it worth my while to noticii 
tliem. Mr. Clarke, Mr. Roberts, with a few ignorant naval 
men, arc quite welcome to visit the Polytechnic daily for the 
jHitpose of depreciating my labours, and may publish as many 
pamphlets for circulation at the diftbrent bridgeS in London 
as they please. That is a mode of proceeding which must 
eventually recoil on themselves ; to say nothing of its being 
unhandsome, illiberal, and uncalled fgr, I must say I was 
not a little annoyed at finding you associated against me with 
others; since I had always from the time I first met you at 
Oxfoi^l, at the meeting of the British Association, thought 
we were on better terms ; and that any difference about a 
philosophical subject might have been settled between us in a 
better way. However, I cannot help it. 

Well now, you say you are about to publish some commu- 
nications which are to point out the danger of* my system of 
defence from lightning, I cannot possibly hrtve any objection 
to this. I oijly hope you will be careful to inform yourself 
respecting the true state of the question, and not misrepresent 
me as others have done (unintcnlioiially it will be 1 have no 
doubt). You will excuse, I am sure, my saying, if I may judge 
by your letter, that yo\i have^iot examined the question faith- 
fully. Let me, therefore, ‘put you in possession of a few points 
as it may probably save both of us trouble. Like some others 
yout)egin by assuming that I have overlooked some import- 
ant facts-connectcd with discharges of lightning. Perhaps 
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the contrary may be found to be the case and that those who 
oppose me have mistaken the road ; and I think I see where 
the mistake made by those who talk of dangei from a lateral 
discharge lies. However, of this more by-and-bye. 

I beg you to observe that you are quite wrong in supposing 
that my conductors pass through the magazines.* Why I 
never dreamt of such a thing ; neither do they exclusively go 
into the body of the hull ; siiife large.metallic bands lead off 
under the deck to the iron knees, in the side. My object 
has been to connect all the masses of metal in the hull, and 
the conductors on the masts into one general system, so as to 
admit of a general and rapid distribution of the fusing charge 
without explosion or damage. 

You say ‘Mhcre is an apparent intention to introduce my 
couductors in the navy.” Are you not aware of the /hr*/ t)f 
the co7iductors haring bp.m med in the navy for the last 12 
years or more ! Why they have been fitted in six frigates, 
many line of l)attle ships, and smaller craft. Mon liave been 
exposed to lightning in all parts of the world — South America, 
Tropics, Coast of Africa, Mediterranean — some have been 
struck by lightning. T understand in the late inquiry which 
the govornnicnt ordered with a view of examining the success 
of my plan, that extremely valuable evidence has been ob- 
tained from naval ollicors in command of their ships, and 
from others who have been exposed to liglitning under various 
circumstances. It is, 1 am told by the S<5cTetaryof the A<lmi- 
ralty, very voluminous, will be printed arul laid before Par- 
lament. I do not kigiw the amount of 'it Tnvsclf, I ml I think 
it would be as well to examine the documerifls bjidbrc^wc enter 
upon the public discussion you have marked out ; as to mere 
opinioy it will go for nothing any way ; and you muSl go to 
facts. Allow me to call your attention to tlic Nautical Mag- 
azine, No. 2, for PeLruary last, 18:39, for the actual effects of 
lightning on three shi])s of the navy ; and if you will go to 
Jtlr, Payne, at tlie Poly technic, will show you the diagram 
I left there, illustrative on a large scale of those effects. Tell 
me, where was the calorific and lateral discharge to which you 
allude in thi% case ? If we could meet and exapiine this sub- 
ject together experimentally, I believe we should soon settle 
the difference. Whatever I may be induced to do by way of 
reply to anything you advanc^ will be simply an appeal to 
faeis. I possess a great body ol evidence from a history of 

* Will Mr, Harris say that not one of his conductors passed 
tliroiigli tlie powder magazine of fl.M.S. Java? 8ee Lieut. 
Green's Letter, p. 329. Edit. 
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cases of lightning on ships which bear out iny views ; but I 
certainly shall not write anything until I see the result of the 
inquiry and ilivestigation lately instituted by the Admiralty. 
I think you would do well not to advance anything Hitiiout a 
pretty close appeal to experience. I ’shall always consider 
tliat I have Jboen illiberally treated by many persons in this 
allair^ as you would say if you knew all. 

I api, deai' Sir, 

Yours faithfully, 

W. SNOW HAURIS. 


To W. Stin'gooN^ Esq, 


XE. On the effects of Lightning on. II.JM.S. Beadle. 

By Lieut. Sutway. In a letter io the Editor. 

Hushing, near Falmouth, 

October {), 1839. 

Sir, 

Having considered your communication in the Annals of 
ISlcctricity, on marine lightning conductors, containing ob- 
servations on the stroke of lightning which fell on themastsof 
H.M.S. llcagle, I thinkit fair, both to Mr. Harris and the naval 
service, to clcseribe the phenomenon I witnessed on that 
occasion ; first slating that at the time of mj joining the 
Beagle in 1831, previously to her leaving Ihigland, I had no 
acquaintance with Mr. Harris, and certainly no bias in favour 
of the conductors with which the slyp was fitted. I may, 
therefore, claiiti to be considered an impartial observer. 

At the time alluded to, I was first Lieutenant of the Beagle, 
and Vas attending to the duty on deck. SJic was at anchor 
off Monte Video, in the Hio de la Plata, a part of the world 
very often visited by severe lightning storms. Having been 
on board H. M. Frigate, Thetis, at Rio Janeiro a few years 
before, when her foremast was totally destroyed by lightning, 
my attention was always particularly directed to approaching 
electric storms, and especially so on the occasion alluded to, 
as the storjpi was unusually severe. I'he flashes succeeded 
each other m rapid succession, and were gradually approach- 
ing; and I was watching aloft for them when the ship was 
apparently wrapt in a blaze of fire, accompanied by a simuL 
taneovs crash, which was Ajual, if not superior, to the shock 
I felt in the Thetis ; one of the clouds by which we w<Te enve- 
loped, had evidently burst on the vessel, and as the mainmast 
ajfpeared for the instant to bo in a mass of fire, I felt certain 
that the lightning had passed down the conductor on that 
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mast. I'hc vessel was shaken by the shock and an unusual 
tremulous motion could be distinctly felt; as soon as I had 
recovered from the surprise of the moment, I ran down below 
to state ^diat I saw and to see if the conductors below had been 
affected, and just as I entered the gunroom, the purser, Mr. 
Jlowlett, ran out of his cabin (along the beam of which a 
main branch of the conductor passed), and said that he was 
sure the lightning had passed down the conductor, for at the 
moment of the shock he* heard a sound like rushing water 
passing along the beam. Not the slightest ill-consequence 
was experienced ; and I cannot refrain from expressing my 
conviction that hadit not been for the conductor, the results 
would have been of very serious moment. This was not the 
only instance, when we considered that the vessel had bjeen 
saved from being damaj^ed by lightning by Mr Harris’s con- 
ductors ; and J believe that in saying I liad the most perfect 
confidence in the protection which those conductors alForded 
us, I express the opinion of every officer and man in the sliip ; 
and as Captain Fitzroy’s opinion must have much greater 
weight than mine, from his superior knowledge on the subject 
of electricity, I cannot refrain from copying his opinion of the 
conductors in the Beagle, which is published in his appendix 
to the Beagle’s voyage. 

“ Previous to sailing from England in 1831 , the Beagle 
was fitted with permanent lightning conductors invented by 
Mr. W. S. Harris, F.U.S. 

^‘During the five years occupied in the voyage she was fre- 
quently exposed to lightning but never r^eceived the slightest 
damage, although supposed to have been strfick by it on, at 
least, two occasions ; when at the moment of a vivid flash of 
lightninjg, accompanied by a crashing peal of thuiuier, a 
hissing sound was heard on the masts, and a strange though 
very light tremulous i^iotion in the ship, indicated that some- 
thing unusual had happened. 

‘‘The Beagle’s masts, so fitted, answered well during the five 
years’ voyage pbove mentioned ; and arc still in use onboard 
the same vessel on foreign service. 

“Even in such small spars as her royal masts and flying jib- 
boom, the pLxtes of copper held their places firtnly, and in- 
creased rather than diminished their strength. 

“No objection which appears to me valid has yet been raised 
against them ; and were 1 allowed to choose between having 
masts so fitted and the contrary, J should not have the 
slightest hesitation in deciding on those with Mr. Harris’s 
condurtors. 

“AVhelher they might be further improved, as to position 
and other details, is for their ingenious inventor to consider 
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And determine. He has already devoted so many years of 
valuable time and attention to the very important sul)ject of 
defending ships against the stroke of electricity, and has 
succeeded so well for the benefit of o\^ers, at great inconve- 
nience and expense to himself, that it is earnestly to be hoped 
that the government, on behalf of this great maritime country, 
will, at the lea*st, indemnify him for time employed and pri- 
vate funds expended in a public service of so useful and 
necessary a character.*^ * ^ 

Not being sufficiently acquainted with electrical experi- 
ments, I cannot remark upon those you have adduced in 
support of your opinions detrimental to Mi*. Harris’s conduc- 
tors. I canj therefore, only repeat my conviction that the 
Beagle was struck by lightning in the usual way, and certainly 
without any lateral explosion or other ill effects, similar to 
those you insert in your Annals of Electricity. 

I am. Sir, 

Your obedient servant, 

B. T. SUTWAV, 
Lieut. R. N. 


Observations, 

Lieut. Sutway’s description of the lightning rods on the 
Beagle is obviously of a very different character to that given 
by Capt. Eitzroy, and certainly much more favourable to the 
idea of the ship being struck than given by the latter officer. 
I consider Lieut. S^-s description of the occurrence exceedingly 
valuable^; for it is the minute detail of fhe effects of lightning 
lhat we are most in want of, and it is much to be lamented 
that our data on this momentous topic is yet so scanty. ^ There 
is noticing, however, in this letter that can in the least affect 
my statements regarding the electrical 4 )rinciples that would 
be brought into play by flashes of lightning striking vessels. 

W. STURGEON. 


XLI. On ^fr. Snow Harrises Lightning Cmiductors, as 
applied to Shipping, In a letter to the Editor, By W. 
Pringle Green, Lieut. R.N. 

i, Jam%s Street Adelphi, July 18, 1839. 
Sir, • 

An important epoch has arrived in practical electricity by 
lhe»Government appointing a committee to determine on the 
subject gf fixed conductors, fitted to the masts of several of 
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her Majesty's ships, passing through the hull and after-maga- 
zine. Having in the year 1822, on the scheme l)eing 
introduced into the Navy, by order of thii Navy Board, 
opposed its adaptation y upon incontrovertible evidence, I am 
again prepared to show, its being an ill-copied plan of Mr. 
Marrot, published in 1812, in the Naval Chpoiiicle, Vol. I, 
p. 201 , and the extreme danger of such conductors, proved, by 
experiment, and a m^s of electric?! phenomena ; and by 
my representation of tnese facts the^ then existing Board of 
Admiralty counlormanded the N. B’s. order. As this plan has 
1)een in tn educed into the Navy, and the necessity of investi- 
gating a matter of^fcuch vital importance to the. stale at this 
time, needs no comment: as I do not believe it possible 
otherwise than by a perusal of the account of experiments 
made at Plymouth ; ..of my queries and experiments; and 
a review of my researches during 35 years in every quarter of 
the globe, illustrated by drawings, for tlio most experienced 
theoretical electrician to give a correct decision. I am, there- 
fore, desirous to put you in possession of the whole of this 
matter, upon which I take my stand.* At this moment the 
subject acquires a great interest throughout the Naval Ser- 
vice, and very gross deception has been, and continues to be, 
practised upon that service and the public, at a heavy cost to 
the nation, l)y making experiments which seems to demand 
the protection of (lie public press. 

I have the honour to be. Sir, 

Your obedient servant, 

W. PRINGLE GREEN, 
L&ut. R. fif. 

• Lieut, Greenes Queries, 

1. Will not the ' superabundant electric fluid from the 
spindle in the truck, which passes six inches into the body of 
the mast, exploch* and dcjstroy it \ 

2. How is the spindle to be substituted when the top- 
gallant mast is (5n deck, which is generally the case in stormy 
weather, the#cap has much iron about it this beipg the highest 
point ? It is not possible to place the spindle and connecting 
copper across the cap, without being in contact with much 
iron about it. Will not this iron draw olF the fluid and cause 
an explosion ? Aitd will not Ae nails in the copper strips 

* We have in our possession much valuable information on this 
subject from Lieut. Greeuj but only give a few of that Officer’s 
queries in this place. Ktlit. 
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Wo so ? If these conductors, such as the proposed, are suffi- 
cient safegftards, when passing through a ship, how is it that 
Heckenham Poor-house was set on lire though it had eight 
of the largest and most approved conductors placed on the 
outside ; and what must have been the result had they passed 
through the building? As conductors can be surcharged, 
broken, and fused, and electric fluid becomes sensible in the 
form of spark upon the surface, and, as it has been shown 
by experiment, streams of ^ame are sometimes conducted 
along the surface of a conductor ; are not those facts alone 
sufficient proof, that it is dangerous to conduct these electric 
streams through a .ship’s powder inagazhe? When the 
electric fluicl is sensil)le in the form of a spark or sparks, or in 
such streams, and conveyed by the conductor to the inflam- 
mable air in the boUom of a ship, wil^it not cause ignition of 
tlii.s imflammable air and and burn the ship ? llydrogoiiis 
put into a gaseous state by the agency of electricity, and the 
bilge wiit(*r would Ijo decomposed into oxygen and hydrogen 
gas and instantly blaze. Will not the electric sparks which 
form upon the conductors pass off to the iron tanks and iron 
ballast, and may it not explode under the powder magazine 
where it is conveyed by iron ballast ? 

13. How is it to be presumed that conductors, such as the 
pfoposed, can guard a ship from a stroke of lightning when it 
is known that a single flash fused a conductor t>ii the main- 
mast, shivered the foremast, splinters distant parts of the 
deck, and a sufficiency of the electric fluid passes down 
below, destroying bulk-heads andfusii^ a bar of metal tlimw 
The spjjre toprftasts and topgallant masts being fitted with 
conductors, and placed in the centre of the ship, as is the 
custom in all her Majesty’s ships between the fore ai^d main- 
mastg, pointing both to the quarter-deck and forecastle, on 
which the officers and crew are always in considerable 
numbers. AVill not these people be killed by a discharge 
from these longitudinal conductors ? 

4. Should the conductor convey any portion of the fluid 
to the bolts in the keel touching the copper sheets on the 
bottom, will it not pass along the bottom aiwj knock olf the 
remainder, and will not these bolts be driven out and the 
keel split ? What will be the expense to complete the Navy 
with such a scheme ? Upon a very moderate estimate it will 
require £500. to dodi and ftunplcte each ship, and £300,000. 
he required to complete the whole Navy. That there is not 
the smallest difficulty attending the hoisting up a chain con- 
dujetor, it is a fact, for one man and a boy can accomplish 
this; and when up and fastened to the back-stays, it cannot 
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be injured though it remain up for a voyage. In what docs 
the plan differ from Mr. Singer’s, proposed nineT years pre- 
viously, who first put bolts through the keel, •or those thirty 
years ago in use in the JFrciich Navy ; both being abandoned 
by the inventors as chimerical and dangerous in the extreme. 

As long back as C.^apt. Cook’s being at .lava, in the ICn- 
deavour, in 17()9, the dangerous effects of spindles in the 
mast of ships are recorded by Mr. Circen who acdbpipanitid 
him. During a storm of thunder and lightning and rain, the 
mast of a Dutch Indiaman was .split and destroyed from the 
spindle to the deck. So great was the shock, that consider- 
able fear was entertained for the safety of the Endeavour, as 
the explosion shook her like an earthquake; proving that it is 
not only the ship or building to which a conductor is affixed, 
that is endangered, buf all for a considerable distance around. 
If a single spindle can invite so powerful and dangerous an 
agent, how much greater must be the stroke in presence of 
tliree of them such as are placed in the masts of her 
Majesty’s ships, in ordinary at Plymouth. A link of 
the chain conductor such as used at sea is put over the 
massive spindle and continued to the water. The first experi- 
ment made was to prove the danger of such a scheme. A 
model being produced, and the spindle exposed to an ordinary 
discharge of the fluid from the battery, the chain was instantly 
fused by t ho lateral discharge, and the mast splintered, prov- 
ing the danger of the plan, and that the strips of copper of 
the fixed conductors to the masts of ships would be fused from 
the spindle. • 

A mast thus splintered and set on fire ^^ould involve the 
ship in destruction. It has been asserted by the suggestor of 
this scheme, that although the fixed conductor had bewn cut 
through by a saw, or a break made in it, this would iipt im- 
pede the passage of /he fluid, That sparks were passed 
through gunpowder without igniting it, and that electric fluid 
is always transmitted along the surface of conductors.” 

2nd, Ex. .A copper conductor was passed through the 
centre of the maga/.iiie of a .ship fitted after the plan in ques- 
tion, yreciselv as II. M. Ship Java was fitted, with the ex- 
ception of it lieing nailed to the mast. The conductor was 
cut through to represent the break said to be made in the one 
fixed to the mast of the cutter, in the public experiment, 
powder placed near to the fracttlre, in a shock being passed 
through the conductor instantly ignited. A greater charge 
was then sent through the conductor which was instantly 
melted, globular metal being produced. Several other expe- 
riments were made to exemplify more satisfactorily the fusion 
of conductors by lightning. 
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• XLIII. MISCELLANEOUS ARTICLES. 

Letter to the /iditor of the Jliinnls of Electricity, Sfc., 
From the Rev. N. Callan, Professor of Natural Philosophy. 

Maynooth College, Nov. 11, 1839. 

Dear Sir,^ 

I have read, within the last week, a letter from Professor 
Forbes, V>f Aberdeen, tp Dr, Fjiraday, in which he states tliat 
Mr. Davidson, of Abei|leen, has been eminently successful 
in the production of a moving power by electro-magnetism ; 
and that Mr. Davidson is the first who employed the electro- 
magnetic pc^wer in producing motion by* simply suspending 
the magnetism without a change of the poles. This, he says, 
Mr. •Davidson accomplished about two years ago.” I believe 
I may fairly dispute Mr. Davidson’s chiim to be the first who 
employed that method of applying clectro-magiictisin as a 
moving power. It is about two years since 1 first constructed 
an electro-magnctic engine for the production of motion, in 
which there was no reversion of the poles of the magnets, but 
only a suspension of their magnetism. In a letter of mine, 
dated February 20, 1838, and published in the Annals of 
Electricity, on the first of April, in the same year, I refer to 
three difterent electro-magnetic engines which I had then 
made. In one of these there was no reversion of poles ; but 
only a suspension of the magnetism. 1 have •since made 
several engines on the same principle. I made one in August, 
1838, for the Right Rev. Dr. Carew, Coadjutor, IJishop of 
Madras, which he Ijlrought with him tq India, for the use of 
his Seminary. Jn this there were two magnets ; the motion 
was produced not by a reversion of poles, but by a suspension 
of thft magnetism. In the commencement of the present 
year, J made one on the same principle for the College. It 
worked very well, although it containedx)nly a single magnet: 
it was exhibited to my class last February. Within the last 
two years I have made a great variety of machines for the 
production of motion by electro-magnetisin. • In some of 
these the poles were reversed ; in others, the magnetism was 
only suspended ; and in others, the magnetism was constantly 
maintained. In some the motion produced by the magnetic 
force was rectilinear, and, of course, a crank was employed to 
convert the rectilinear into a curvilinear motion : in others, a 
rotary motion was directly jiroduced by the magnets. The 
crank engines differed’ from all the crank engines of 
which I have seen any description, in this respect, that the 
length of the stroke might be ten or twenty feet if necessary. 
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without any climiiuitiort of tho moving power of the magnets. 
The immediate publication of the results of my experiments 
would bo premature as some still remain to be made. I 
intend soon to make an engine of considerable power. My 
experiments give me ev«ry reason to think that, with a given 
battery, the moving force of each magnet, in that machine, 
will be at least eight or ten times as groat as it would be if 
the magnet were placed in an engine constructed on the plan 
of Professor Jacol)i. 1 dojiot know thaplan of Mr. Dividson, 
and therefore cannot compare it wil^h mine. The moving 
force which he obtained appears to me very small, when t 
consi<bu' the .si7.e of the battery employed. Howev<'r, that 
may have arisen ffom a defect in the construction of the 
machine rather than from any defect in his plan. He cer- 
tainly deserves eiioouragomcnt. I agree with Proft/ssor 
Forb(*s that it woubU be much for tho interest of railroad 
proprietors,” and still more for the interest of companies who 
use stationary engines, to lake up the subject; and to incur 
the expense of making experiments, on a large scale, on the 
best method of applying electro-magnetism to the working of 
machinery. I am fully convinced by the experiments of 
Professor .lacobi and of Mr. Davidson, and still more 1)y 
my own, that electro-magnetism will ore long bo substituted 
for steam. I intend to send you, as soon as convenient, an 
account of the principal expcrinients which I have made for 
the p\irpos(f of ascertaining the best means of employing 
electro- magnetism as a moving power. 

1 hav^e the honour to remain, 

your very obedient humble servant, 

’ N. CALLAN. 


Method of disfingu!.shi?ig the Amnuretted^ from the Antu 
moniuretted Ifijdh'ogen Gas. litj PaoKHiSoii Max. 

The metallu retted hydrogen gas for examination being 
ignited at a jet, a piece of porcelain is held over it till a dark 
speck is produced. The Sj)eck is then moistened with a drop 
of nitro-muriiitie acid. 3'hen by adiliug a drop of the aque- 
ous solution of sulphurelted hydrogen a precipitation takes 
place. If the tested gas be arsenuretted hydrogen the preci- 
pitated substance is of a pure yellow colour : but if it be 
antimoniuretted hydrogen the precipitated substance is of a 
deep orange colour. The difference of colour is so distinct 
that no one can mistake the One from the other. 3’he whole 
process is exceedingly simple and may Ixi performed in a few 
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minutes. Poggendorff'^s Annallen des Physic and Chemie, 
No. 3, 183S. 

The following method has lately been given by Mr. Marsli. 
The piece of glass or porcelain intended to receive the metal- 
lic crusts is to have a drop of distilled water placed on it : 
and then, with the drop of water on the lower surface, held a 
little above the^ ape^x of the cone of flame of the burning gas 
which is issuing from the jet. If arsenic be the metal in the 
hydrogeq,^ arsenical acid formed by this process is dissolved 
by the drop of water, and is is easily detected by a drop of 
the ammoniacal nitrite of silver, which immediately produces 
the arsenite of oxide of silver, which is of a lemon yellow 
colour. If antimony be the metal in combination with the 
hydrogen gas under examination, no such result is produced 
by this process. When much arsenic is present it will be 
advantageous to employ a clean glass tjibe, about six inches 
long, and slightly moistened inside witli distilled water. 
The tube, thus prepared, is to he held vertically over the 
flame of the burning gas, and a strong solution of the sub- 
stance is soon obtained, which may be tested as before stated. 


• My dear Sir, 

Your correspondent, C. Barker, Esq., has noticed my ques- 
tion in your Annals for June 1838, respecting the spotted jar. 
If he did not observe the appearance of the sparks as I then 
stated, it is possible 1 may have been mistaken ; it is many 
years ago since i noticed what I remaiked. To save the 
trouble of fixing spots on the inside of a Leyden jar, 1 lined 
it with plain tinfoil, and on the outside fixed very small spots 
the size of those used for spiral tubes. Now, the pieces of 
tinfoil being so diminutive, they could Ijold but a small por- 
tion of electricity, and therefore the spark might be almost 
imperceptible. I regret not having leisure to try another jar 
lined with plain tinfoil, for, if it answeis, a great saving of 
trouble is elfected. 

I feel greatly obliged to Mr. Barker for reminding me of 
this circumsRiiice, as it gives me an opportunity of correcting 
a mistake; and also for the valuable information contained 
in his letter inserted in the last No. of your Annals. His 
recommendation of an insulated stand is well deserving the 
attention of all experimenters; I have usqd it for several years 
to exhibit the electric fly, orery, dancing figures, &c. but 
lately it occurred to me that a resinous plate about 1 w inches 
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in diameter, and a third of an inch thick, will answer all the 
purposes of an insulated stand. 

Mr. Barker enquires how to line the inside of large carboys, 
to make them Leyden jars, which you have*informed him, 
but I think he will find that although green glass does very 
well for electrical machines, it will not answer for Leyden 
jars; I once constructed a battery of them •which proved 
useless. 

I api, • 

V(ury truly yours, 

J. HARPER. 


Oj'ford^ Dec. 26, 1839. 
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LXV . — Onthe Connection between Electricity and Vegetation.^ 
By Thomas Pine, Esq. (llesumecl from page 253.) 

If the air in a state of purity imparts a strong electric 
excitement to the embrios of plants, and thus produces a 
commencing movement in the vegetable juices, no sooner is 
the germ beginning to ^open than it craves the influence of 
vapours to maintaiiiL its increasing vitality, and promote its 
growth. Accordingly it is endowed witli 2 )owerful conducting 
qualities in its structure and functions suited to the new element 
on wliicli it has to act. The low springing herb, and the 
shooting* and slightly expanding leaf of every description arc 
now offered to our notice. For the fixed, ftgid, texture of the 
seed and bud, is substituted the lithe, elongated, but acutely 
edged and pointed, form of the leaf, waving with eveiy breeze, 
as if to catch and appropriate to its use eveiy approaching 
vapour. These most intense attractors of electricity find it in 
the atmospheres of vapours as they gradually condense into 
the liquid state.- In nothing is it more conspicuous than in the 
action of the tender herd upon the morning dew. The creeping 
species are the most remarkablejTor this quality, as they receive 
their watering in a great decree, particularly on fine summer 
mornings, firom the dew which then appears to arise from the 
VoL, JV.— No. 24, April, 1840.. S' ^ 
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soil and to undergo a condensation from the attraction of the 
young leaves, aided probably by the cold produced by the 
evaporation. The down of the leaf, distinctly discemablo only 
by the microscope, is in this case the principle organ of attrac- 
tion, which that of the Hirnivht^rry^ afl’ords onb of the most 
remarkable specimens. Wlien in its growiftg state, its fine 
needles^ placed at corfk’enieut ^distances from each other, ex- 
hibit at each point a transparent globule at a considerable dis- 
tance trom the surface of the leaf. , 

The same effect is observable as the general attendant of the 
settling of dmv on the bcrb:ige, and, on the early ^booting of 
plants. Observing the dew on som^ herbs on which no down 
was apparent to the naked eye, I found on a minute microscopic 
inspection, that points of extreme tenuity were the agents in 
producing the wfitery effusion. This agency, is peculiarly 
cons])icuous in the regeUthle marrow^ the stem and leaves of 
which are every where bristling with fibrils, to whose* acute 
extremities tlie globules atkich. A beautiful disi)lay of the 
principle appears in the herb calhul alpine trail cress ; the 
leaves of which are iiirnished with iimmiKTable stems perpen- 
dicular to either surface, and brandling out into four needles 
after the manner of our metallic protectors ; at cveiy point of 
which a globule attaches, while a larf^er globnh^ is formed at 
their comnioii centre. What but that peculiarly energetic 
property of electric attraction with w hich all vegetating points 
are endowed, can have operated to produce this effect ? The 
condensing vapour exudes its latent imponderable fluid, which, 
entering the pores of the loaf, leaves a portitm of water in the 
liquid state upon its suii'ace ; while a larger jioition probably 
descends more completely deprived of its electric matter to 
the roots ; thus luriiisliing an opportunity for its action from 
above in causing the absorption of the liquid filming the 
materials of the sap, through the exquisitely minute channels 
of tli« stern, from the innumerable storms at tin? reftnifying 
extremities ! Ajiowerful attraction is thus manifested Jiy each 
minute vegetable pofnt for the floating vapours, wdiicli, 0})erating 
in conjuctioii with a low tein])eratiirc deprives tliem of their 
gaseous caloric, and rcdiic(?s them to their liquid state. These 
points being excjnisite conductors of electricity, and acting 
with peculiar enbrgy,as such, upon the clouds and vapours of the 
atmosphere -and at considerable distances, can jt be questioned 
that this is the species of attraction tliat they have exerted in 
condensing tlie vapour, and attaching the lit^uid water to their 
extremities ; that a portion of the subtile fluid has been imbibed 
by the leaf, and through the*channels of the wood, which 
from their extreme minuteness raa;f be considered as so many 
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tubulated pdinta^ by which the electric influence is acting^ 
with the greatest possible eflficacy on the rising sap. It i& 
thus made to mount and spread, and impart vital energy and 
expansion to •the whole plant The same principle which 
acting from the pare air produces a first vegetable excitement 
on the prepared materids of the seeds* and buds, and the 
commencing shoots, and which so evidently operates in pro- 
portion as it is increased by natural or artificial means in 
promoting this result, is now administered in much larger 
quantities toough points of far fjreater number and efficacy, 
and conveys with it one of the most essential ingredients of 
nutrition; and thus the source of increasing vitality and an 
essential material of growjh and vigour arc furnished by the 
same process. • 

By a similar ‘process, the loftier plants an<l more advanced 
vegetation receive a like vitalizing and nutritive influence 
from the clouds and vapours. The upper bi^inches and spread- 
ing ramifications of the trees muvst act with great energy, and 
with little interruption from any contiguous bodies, on th6 
clouded atmosphere which forms around them witli every 
approaching shower. They are well knowm to be strong 
attracters of clouds ; and it has been observed, that in insular 
or detached situations in wliicli a few trees form the sole 
attracters, the atmospherci of vapom* is in a great degree 
confined tt) their summits, and they have been described as so 
many alembics” from whose leaves water is continually 
distilled,” and that ‘‘ in some of the smaller islands of the 
West Indies, where there are no rivers or springs, the people 
are supplied with w^ater merely by the dripping of large tall 
trees, which, standing in •the bosom of a mquntaiii, keep their 
heads constantly im’^loped in fogs and clouds, from whence 
they dispense their kindly never-ceasing moisture.”t But as 
I am ac (pointed with no facts wdiich so distinctly manifest 4he 


; * Tliougb tubes cannot in strictness be points, yet as these natural tubes 

bored by the divine hand with a minuteness precisely adaptin^j: them for the 
action of a fluid which was ascertained by the numerous experunents of the 
Ahb6 NoUet, to promote the flow of liquids through tubes, ia degrees increase 
ing with their minuteness, and as they approach by many degrees nearer to 
physical points than any that can be discerned by our unaided vision, I hare 
used the above expression tlie more cfTectually to convey an idea of their 
conducting power. And w'hen it is considered that the solid matter through 
which tliey are bored is a complete non^onduvlor^ conflning the action of the 
electricity entirely to the liquids contained in the tubes, they n^ust, 1 think, 
be seen to be performing the functions ef exquisite electrical points iu pro- 
moting the rise and flow of the regc^ble juices. 

f White’s “ Natural History of Sclljorn.” 
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agency of plants in depriving vapour of electricity, as those' 
which appear in several experiments made by J. Williams, Esq, 
as related by him in his Climate of Great Britain,*’ 1 sball 
extract the particulars from his valuable work^^to be inserted 
if it be thought requisite for the convenienqp of your readers, 
as an appen£x to these remarks.. 

It is easy to see^thdt severd important consequences, highly 
beneficial to the animal as well as the vegetable system, must 
result from this arrangement. The attraction of the leaves 
must operate to produce the condensation of thqi vapours, at 
much higher temperatures,! and in a more gentle^ and bene- 
ficial manner than could be effected by the mere action of 
cold; and as large quantities of the subtile fluid are thus 
gradually imbibed into the substance of plants, and in part 
transmitted to the earth, injurious accumulations of. it in the 
atmosphere are averted. 1 conceive that in the absence of 
plants when there could be no cause of the condensation of 
vapours,, except a^low temperature,, and were considerable 

S uantities of aqueous gas actually formed in the atmosphere, 
iie result must be, that no condensation would be effected 
till the cold had become extreme, when there would be a 
sudden immense percipitation of vapour, and its gaseous 
caloric being as suddenly set loose, a portion of it would 
rapidly combine with the particles of air, thus heating and 
rarifying it to an extraordinary degree, and another portion 
remaining in a state of separation from any gravitating matter 
would exhibit electrical phoenomena in degrees which must 
greatly disturb the harmony of nature, and produce die 
most disastrous effects. There are some neglected or unpro- 
ductive districts where an approach ^toward this condition of 
the elements has been experienced, of which I find the follow- 
ing general description. “ In countries which are tincultivated 
the weather is generally in extremes.. Rain whep it fdls 
takes the form of an overwhelming flood, not gently entering 
and moistening the soil, but rushing along the surfacTe, tearing 
up one place, strewing another with d^risj and reducing 
both to a state of indiscriminate ruin ^ while scarcely has the * 
flood gone by, when the returning heat evaporates the little 
moisture which, is left behind, and burns-up the coarse and 
scanty vegetation which the rains hate fostered.” Of the 
salutary change from such a state to one in which the extremes 
of cold and heat, of moisture and dryness, have been greatly 
mitigated with the progress of cultivation, an example is. 
alleged from the eentrd pajt of Scotland.* No particular* 

' I -r - ^ ■ ■ — ■ 

otUwAil Knowledge” Vul. xv. Part L. pp. 3* The. 
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notice is hete taken of the electrical phcenotnena attendant 
upon the other extremes, nor on the effects produced hy an 
improved vegetation in softening their character ; but it is 
well known, that intense heats and sudden depositions of 
water are the ordinary precursors and attendants of strokes 
of lightning. One of the heaviest and most sudden sheets 
of rain that has fallen under my observation, and indeed, I 
think it considerably exceeded any that I had previously 
experienced, was* accompanied with a still more extraordinary 
display of^ lightning, the fluid ^flyin^ with zig-z^ course 
incessantly in all directions, and occasionally sweeping round 
and exhibiting to view the whole black concave whence it 
issued I — Storms and hurricanes are very much the attendants 
of a partial and irregular distribution of plants, such as is 
incident to uncultivated spots,* and in high latitudes where 
there is a large effusion of the solar beams; — ^but more 
especially over small, rich, cultivated clumps in islands sur- 
rounded by the ocean. The heavy accumulations of clouds, 
and rains on those spots, particularly, when the winds set in a 
corresponding direction, are the well known accompanyments 
of those terrific electrical discharges which are occasionally 
witnessed in the islands of the western ocean. Since the 
temperature in those latitudes is seldom sufficiently reduced 
to be of much avail in the condensing process, the attraction 
of lofty and luxurient trees is almost the sole instrument in 
producing the effect, and the immense quantities of caloric 
which are abstracted by evaporation from tHb ocean 
and plants united are concentrated on the devoted spots; 
the consequences are those prodigious discharges of water, 


particulars of ^bis change are as follows ; ** Within the experience of persons 
stilUiving, the snow which in that country began to fall in November, was 
not wholly^one until the month of April ; while in the middle of Summer 
the heat was so excessive, that agricultural labourers were obliged so suspend 
their toil during four or five hours in the middle of the daj'. At that time 
the autumnal rains frequently descended with so ifiuch violence, that the 
crops which had been retarded by the coldness of the spring, were prevented 
from ripening in the high grounds, were lodged and rotted in the lands that 
were lower, and swept away by the swelling of the streams over the holms 
and meadows. In the same spots at the present day, the auantity of snow 
which usually falls during the winter, is comparatively smkil, shears rarely 
before Christmas, and is gone in February or early in March. The summer 
heat is more uniformly distributed, seldom amounting to a degree oppressive 
to the labourer, or protracted to a term injurious to the crops, while the 
rain which follows is neither so violent in degree, nor so long continued, and 
happening when the grain h far advanced toward ripeness, the iiyuiy which 
it <ms is comparatively trifling.” tfitds pp. 3, 4. 

* Ausirulia is one of the nncifltivated spots instanced under the above 

general description. 
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of heat, and of electricity which are incide^r^t to those 
islands. 

The co-operation of cold and of vegetation, in producing 
the condensation of vapours, or rather perhaps their respec- 
tive effects in the absence of each other, ^ forms of itself a 
curious and interesting subject of inquiry ? \VIien the sun’s 
rays are so few and inefficient as to leave the ordinary tem- 
perature of the atmosphere considerably below the point at 
which vapour is trp,nsformed into water, tlnjy rarely if ever 
produce any electrical effects upon, or very near, the earth’s 
surface. But when the toniperature advances considerably 
above that point, there appears ito be no other means of 
counteracting their tendency to float loosely in the atmosphere, 
and appear in the form of electricity in degrees which must 
prove highly injurious, but by their uniting wkh water in the 
form of vapour. This they do in the first instance from the 
ocean, seas, and rivers; but as they accumulate over par- 
ticular spots, the agency of plants becomes more and more 
necessary in aiding the process, and in so appropriating and 
disposing of the vapours as to render them most effective both 
in carrying forward their own progressive advancement, and 
in protecting animals against the effect of extreme heat and 
pernicious accumulations of electricity. But a better oppor- 
tunity will be afforded of treating of this subject in reviewing 
the stjite of vegetation in its most advanced stages. 

It may deserve consideration how' far the carbonic acid 
operates as a mean of exalting the conducting efficacy of 
plants, since they appear to live and thrive in proportion as a 
sufficient supply of this acid in its combination with water, is 
furnished to the roots. A sprig of mint, though peculiarly 
adapted to live and strike root in ^vater, .^lightly impregnated 
with this gas, will speedily wither in water from which all 
access of this gas is excluded. If I might be allowed to 
conelude this paper with a conjecture concerning the superior 
conducting efficacy of vegetable points above those df metals 
and all other subst!Unces, and that notwithstanding the strong 
non-conducting property of their solids, it should be by a 
reference to the expansive nature of all growing substances, 
in which thby greatly exceed even metals, together with the 
quantity of oxygen which is conveyed by means of the acid 
and water to the positive electricity from the upper extre- 
mities of the plant, while the remaining elements of carbon 
and hydrogen under the influence of negative electricity, 
combine to form the larger portion, of the materials of the 
produce. The solid portion of tj^e leaves is I believe known 
to be principally composed of those two elements, and their 
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attraction for the carbonic acid from the atmosphere, when it 
is decomposed, and yields pure oxygen gas under* the influ- 
ehce of the sun’s rays, while the carbon is retained, strongly 
favours the tfonclusion ; and the ripening process of fruits, 
which seems to Be in a great degree effected by the extraction 
of oxygen from their juices under the same influence, allowing 
those rays, to be positivdy electrical, teirds to its confirma* 
tioji. IJydrogep seems to be a promoter of the green colour 
of the leaves, as plants confined in this gas improve in green- 
ness, an(i^ Ihe discovery^ of the decomposition of water in 
vegetation by Mr. Wejks, enables us to perceive that 
hydrogen is supplied to plants from water, no less certainly 
than carbon from the carbonic a(ud. 1 apprehend that elec- 
tricity will be^allowed to be an essential agent in producing 
these decompositions. We are here reminded of a statement 
of Dix Darwin, that “ the production of oxygen gas from 
green leaves, and other green vegetable matter is probably 
owing to the decomposition of the water perspired by the 
plant, and as the oxygen may be expanded into gas by the 
sun’s light, the hydrogen may be detained in the pores of the 
vegetables. Hence ])lants growing in the shade arc white, 
and become green by being exposed to the sun’s light, for 
their natural colour being blue, the addition of hydrogen adds 
yellow to the blue, and tin ns them green.” It does indeed 
seem to be highly probable that as carbon and hydrogen, 
when separated from oxygen as they probably are in the most 
perfect manner in the leaves of plants, by the poteht agency 
to which they are exposed from the solar rays, should unite 
in forming llie substance and colour of the leaf. And to 
what but electricity or galvanism can w e ^scribe this twofold 
•decomposition ana recomposition in the production of the 
su^^stance and beautiful compound colour which distinguishes 
the vegfj table kingdom ! , 

From Mr. Williams^ ‘‘ Climate of Great Britain^ toilfi 
Remarks. 


His chapter on “ the power of Vegitables to deprive V apour 
of its Electrici^,” &c. abounds in evidoiice of the principles 
we are maintaining; but as his viiMvs in several respects do 
not coincide with the objects for which they arc here adduced, 
I shall accompany the extracts with such observations as may 
throw some further light* upon fheir principles. — He says p. 63 
that ‘^he was principally let! to the consideration of this pro- 
perty in vegetables by remarking the drops of water on the 
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edges and angular points of the leaves of grass^ about suiv 
setting, before any general precipitation of nocturnal dew 
was perceptable ; and from observing that trees and hedges 
occasioned a precipitation of fog, when attended^ with a gentle 
wind, but not in a calm . — ‘‘This important fact” he had 
“repeadedly verified” by the use of the electrosoDpe. “ Upon 
the 15th and l6th days of Sej^temb^r, 1805,” he writes ‘Hhere 
was a very dense fog. On the morning of the 15th it was 
attended with a perfect calm : the trees and hedges being 
loaded with dew; but no precipitation of the fog, and 
the electricity strongly positive; at eight A. M. ft began to 
clear away ; and at ten A. M. the cun shone bright, and the 
day was tolerably fair. On the following morning the fog 
was equally dense ; but about seven A. M a gentle wind 
arose from the south, which bringing new particles of 
vapour within the conducting influence of trees and hedges, 
occasioned a copious fall of vapour from their leaves and 
small branches, but 'no general precipitation occurred.” In 
general he observes that “if the electroscope shows signs of 
electricity it ccfises to do so when brought within six or ten 
feet of a tree, or hedge, owing to the power these possess of 
drawing off the electricity of the vapour which comes within 
the power of attraction.” This power may be rather refera- 
ble to the general electricity of the atmosphere than of the 
vapours which are diffused through it, especially if no vapours 
are visible, since it may be questioned whether in a partially 
condensed state, or on their having been recently condensed 
by the conducting agency of plants a larger portion of the 
fluid may not float for a time in their vicinity than in situations 
in which the vapours remain in a state of transparent gas 
having no electrical atmosphere around them. But on the 
experiments on fogs we see a clear exemplification of the 
agency of vegitation, especially when assisted by \^inds, in 
causlhg the condensation of vapours to tlieir liquid state at 
temperatures in which in its absence they would remain 
partial!]^ condensed^ yet floating in the atmosphere. It must 
also assist in causing a farther precipitation by keeping the 
temperature comparatively low in consequence of the quanti- 
ties of the rfui4 it imbibes, and which would were the whole of 
what formed the caloric of vapour diffused through the 
atmosphere raise it to a temperature that w5uld operate to 
prevent the process of precipitation from proceeding. In 
like manner it must avert dangerous accumulations of elec- 
tricity, for a portion only of the fluid which is set loose by the 
previous cold, entering into combination with the particles of 
air, the remaining portion must float in an uncombined elec- 
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trical state, *and animal life unprotected by the conducting 
agency of plants must be exposed to frequent attacks. What 
are the pestilential simoons of Arabia, but electric matter 
bursting from an atmosphere already charged with it, and 
which finding no* medium of conveyance or opportunity of 
distribution, nut through the bo^lics of animals thus exposed 
to its influence, produces effects upon the frame equalling or 
exceeding that of a powerful galvanic battery. 

The following*beautiful experiment clearly shews the exis-* 
tence of anP electric atmosphere aronnd the surface of vapour 
as it condences by cooling, and that it is attracted and absor- 
bed by the leaves of plants. To the cap of a gold-leaf 
electroscope, I affixed a horizontal support for a candle, 
w'hich projected t^yo feet from the cap of the instrument 
placed near the edge of a table ; on the floor immediately 
below ,was an eathern vessel containing hot water about one 
inch in depth ; the candle being lighted, Jwo or three red hot 
embers were dropped into the vessel of water, which instantly 
raised a sudden cloud of vapour ; the electricity of this being 
collected by the candle connected with the electroscope, the 
gold leiif opened suddenly and struck the sides positively^ 
Some branches of trees with their foliage were now placed 
between the vessel on the floor and the candle ; the experi- 
ment being repeated the vapour passed through the interstices 
of the boughs but the electroscope opened only half an inch ; 
more boughs were now added and slightly sprinkled with 
water to increase their conducting power, the experiment was 
again repeated ; a great part of the vapour still made its way 
through the interstices of the leaves and branches, but so 
completely deprived of* its electricity that the gold leaf did 
not diverge in the ilhiallest degree.” — pp. f3,74-J|he effect of 
the sprinkling of the water was probably to aid a little in the 
condensation by its cooling influence, and thus to add rather 
to the quantity of electrict matter discharged than by its far 
inferior conducting agency to that of living leaves to aid in 
its removal. Tlie great efficacy of the leaves in absorbing 
the fluid is thus rendered strikingly apparent ; the continu- 
ance of a great portion of the vapour in an uncondensed state 
must have been the consequent of the raised* temperature ; 
tn nature temperature and vegitable attraction are often so 
admirably arranged that the vapour disappears, and a clear, 
mild, and moderately electrified atmosphere is the frequent 
result of their cooperation. 
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On the several species of vapours. 

It may not be improper here to observe tJiat there appears 
to be a threefold provision in nature for the irrig,lilion of plants 
of different magnitudes and under different circumstances. The 
clouds which sail aloft are the evident result of the action of 
the solar beams upon the waters ; and these’ are much devo- 
ted to the larger and loftier vegetation. After a drying day 
the creeping species and th(f forming shoots of plants require 
immediate moisture, and it accAuflulates upon them in the 
absence of the sun in the form of dews, the sources of which 
have been differently ascribed either to a concentration of the 
cooling atmosphere, or to a rise of vapour from the soil in a 
similar state of cooling. My own observations by glasses 
inverted upon the soil during the night season have been 
altogether in favour'of the latter conclusion. They arc uni- 
formly wetted internally in quantities pro])ortioned to the dew 
which appears upon the herbage, and its disappearance is accom- 
panied with that of the wetness in the glasses even though they 
remain inverted on the soil. It is indeed a curious circum- 
stance which I have proved by repeated observations that in 
a clear still atmosphere in the sun’s absence when dew is 
forming, a corresponding wetness appears on the internal sur- 
face of any vessel whether of glass or oarthcinvarc which is 
inverted on the soil ; and on the other hand when there is an 
opposite tendency in the atmosphere, when it incTmes to the 
formation of clouds and rain, an opposite effect will appear in 
the inverted vessel, no moisture will » arise in it from the soil, 
and if any Igul bceh previously formed in •it, or isjptroduced, 
as by breathing, it will presently disappear. Are not these 
phamomcna ascribable to variations in the relative electricity in 
the soil and the atmosphere, co-operating probably with cor- 
responding changcf of temperature ? In the sun’s absence 
no evaporation proceeds from plants, the atmosphere cools and 
becomes loss impregnated with electric matter, the soil retains 
a larger proj)ortion of w armth and electricity it had imbibed in 
the preceding. day, than the atmosphere and the moisture 
which by the sun’s rays is drawn through the leaves, remaining 
also in the soil, combines wdth the warmth and electricity to 
form a rising vapour ; the evaporation produces a coolness on 
the surface of the ground, which co-operating with the strong 
attraction of the young and almost exhausted germs and herb- 
age condences the vapour, and •thus a seasonable supply of 
electricity and moisture with an improved temperature is ad- 
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ministered to these minute and tender productions. This 
appears to be the case when the atmosphere clears i« the sun’s 
absence and a transparent sky is seen, the particles of electri- 
city and of moisture in its combining into pure aqueous gas, and 
leaving it in a diy and comparatively negative state ; but when 
an opposite Ifendency prevails and the atjnosphere becomes suf- 
fused with clouds and vapours, the caloric and electricity of these 
vagours being released from an opposite relation to the soil 
wliich is now cbmparatively cool and negatively electrical, 
and consequently in a condition to absorb the moisture and 
electncit;^ of the condensing vajlbur. This condition of the 
soil imparts a corresponding state to the plants which extends 
to their upper extremities, and hence a general disposition 
both in the soil and plants to imbibe the combined vitality and 
nutriment v/hfch is thus imparted to them. 

Fogs appear to have a somewhat different origin from 
either clouds or dews. They are chiefly prevalent in the 
winter and late autumn seasons ; and seem to result from a 
condensation in the lower regions of the atmosphere by the 
action of cold in the sun’s absence, or in part from the imper- 
fect action of his few and languid rays in raising vapour from 
a previously moistened soil. The plants then in a state of 
vevetatiou being evergreen shrubs and quickset hedges, 
chiefly, the moisture attaches to them in large quantities, and 
seems to furnish them with a supply of nutriment in its 
union with electric matter that greatly conduces to their sup- 
port and progress, at seasons when the more aetke species 
are nearly dormant. 


LX VI. Extract^from the Instructions^ for the Scientific 
Expedition to the Antarctic Regions^ prepared by the Pre^ 
sideni and Council of the Royal Society*. , 

• PHYSICS AND METEOR9LOGY. 

The council of the royal society are very strongly impres- 
sed with the number and importance of the desiderata in 


• The President and Council having been informed by the Lords Commis- 
sioners of the Admiralty that it had been determined, in conformity with 
their recommendation, to send out captain James C. Ross on an Antarctic 
Expedition for scientific objects, and having been requested to communicate 
any suggestions upon subject^ to which they might W'isli bis attention to be 
called, referred the consideration of each to distinct Committees, namely, 
those of Physics, Meteorology, Gbology, Botany, and Zoology, the result of 
whose labours is the Report from which the above is an extract.— -Ed. 
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physical and meteorological science, which may wholly or in 
part be supplied by observations made under such highly 
favourable and encouraging circumstances as those afforded 
by the liberality of her majesty's government on this occasion* 
While they wish therefore to omit nothing ifl their enumera- 
tion of those objects which.appear to them deserving of 
attentive inquiry on sound scientific grounds, and from which 
consequences may be drawn of real importance, either for the 
settlement of disputed questions, or for the advancement of 
knowledge in any of its branches, — they deem it equally their 
duty to omit or pass lightly over several points which, although 
not without a certain degree of interest, may yet be regarded 
in the present state of science rather as matters of abstract 
curiosity than as affording data for strict reasoning ; as well as 
others, which may be equally well or better elucidated by 
inquiries instituted at home and at leasurc. « 

Terrestrial Magnetism. 

The subject of most importance, beyond all question, to 
which the attention of Captain James Clark Ross and his 
officers can be turned, — and that which must be considered as, 
in an emphatic manner, the great scientific object of 
the expedition, — is that of Terrestrial Magnetism; and this 
will be considered : 1st, as regards those accessions to our 
Knowledge which may be supplied by observations to be made 
during the progress of the expedition, independently of any 
concert with or co-operation of other observers ; and 2ndly, as 
regards thosewhich depend on and require such concert ; and 
are therefore to be considered with refeiience to the observations 
about to be oarriedbn simultaneously in thg fixed magnetic ob- 
servatories, ordered to be established by Her Majesty's 
Government with this especial view, and in the other, similar 
observatories, both public and private, in Europe, India, and 
elsewhere, with whjeh it is intended to open and maintain a 
correspondence. 

Now it may be observed, tliat these two classes of observa- 
tions naturj^lly refer themselves to two chief branches into 
which the scicijce of terrestrial magnetism in its present state 
subdivides itself, and which bear a certain analogy to the 
theories of the elliptic movements of the planets, and of their 
periodical and secular perturbations. The first comprehends 
the actual distribution of magnetic influence over the globe, 
at the present epoch, in its mean to arverage state, when the 
effects of temporary fluctuations are either neglected or elimi- 
nated by extending the observations over a sufficient time to 
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neutralize tfeeir effects. The other comprises the history of all 
that is not permanent in the phenomena, whether it appear in 
the form of momentary, daily, monthly, or annual efiange and 
restoration, or in progressive changes not compensated by 
counter changes^ but going on continually accumulating in one 
direction^ so as in the course of many years to alter the mean 
amount of the quantities obseiwed. These last-mentioned 
changes hold the same place, in the analogy alluded to, with 
respect to the mean quantities and temporary fluctuations, 
that the secular variations in the planetary movements must 
be regarcka as holding, \vith respect to their mean orbits on 
the one hand, and their perturbations of brief period on the 
other. 

There is, however, this difference, that in the planetary 
theory all th^jse varieties of effect have been satisfactorily 
traced up to a single cause, whereas in* that of terrestrial 
magnetism this is so far from being demonstrably the case, 
that the contrary is not destitute of considerable probability. 
In fact, the great features of the magnetic curves, and their 
general displacements and changes of form over the whole 
surface of the earth, would seem to be the result of causes 
acting in the interior of the earth, and pervading its whole 
mass; while the annual and diurnal variations of the needle, 
with their train of subordinate periodical movements, may, 
and very probably do arise from, and correspond to electric 
currents produced by periodical variations of temperature at 
its surface, due to the sun’s position above tlie horizon, or in 
the ecliptic, modified by local causes ; while local or temporary 
electric discharges, due to the thermic, chemical, or mechani- 
cal causes, acting in the higher regions of the atmosphere, and 
relieving themselves irregularly or at intervals,, may serve to 
render aocount of those unceasing, as they seem to us 
casual movements, which recent observations have placed in 
so cons{)icuous and interesting a light. The electrodyUamic 
theory, •which refers all magnetism to electric currents, is 
silent as to the causes of those currents, Vhich may be vari- 
ous, and which only the analysis of their effects can teach us 
to regard as internal, superficial, or atmospheric. 

It is not merely for the use of navigators that charts, giving 
a general view of the lines of magnetic declination, inclina- 
tion, and intensity, are necessary. Such charts, could they 
really be depended on, and where they in any degree com- 
plete, would be of the most eminent use to the theoretical 
inquirer, not only as goperal directions in the choice of empi- 
rical formulae, but as powerful instruments for facilitating 
numerical investigation, by the choice they afford of data 
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favourably arranged ; c.nA above all, as affording decidedly 
the best n>eans of comparing any given theory with observa- 
tion. In fact, upon the whole, the readiest, and beyond 
comparison the fairest and most effectual mode of testing the 
numerical applicability of a theory of terrestrial magnetism, 
would be, not servilely to calculate its results for given locali- 
ties, however numerous, and thereby load its apparent errors 
with the real errors, both of observation and local magnetism, 
but to compare the totality of the lines in our charts with fee 
corresponding lines, as they result from the formulae to be 
tested, when their general agreement or disagreemeitt will not 
only show how far the latter truly represent the facts, but 
will furnish distinct indications of the modifications they 
remiire. ^ 

Unfortunately for the progress of our theories, however, 
we are yet very far from possessing charts even of that ono 
element, the Declination, most useful to the navigator, which 
satisfy these requisites; while as respects the others (the 
Inclination and Intensity) the most lamentable deficiences 
occur, especially in the Antarctic regions. To make good 
these deficiencies by the continual practice of every mode of 
observation appropriate to the circumstan(,*es in which the 
observer is placed throughout the voyage, will be one of the 
great objects to which attention must bo directed. And 
first — 

At sea . — We arc not to expect from magnetic observations 
made at sea the precision of which they are susceptible on 
land. Nevertheless, it has been ascertained that not only the 
Declination, but the Inclination and Intensity can be obser- 
ved, in moderate circumstances of weather and se.a, with 
sufficient correctness, to afford most useful and valuable 
information, if patience be bestowed, and proper pPecautions 
adopted. The total intensity, it is ascertained, can h^e mea- 
sured* with some considerable degree of certainty by the 
adoption of a statical method of observation recently devised 
by Mr. Fox, whose "instrument will be a part of the appara- 
tus provided. And when it is recollected that but for such 
observations the wliole of that part of the globe which 
is covered by the ocean must remain for ever a blank in our 
charts, it will be needless further to insist on the neciessity of 
making a daily series of magnetic observations, in all the three 
particulars above-mentioned, whenever weather and sea will 
permit, an essential feature in the business of the voyage, in 
both ships. Magnetic observalions at. sea will, of course be 
affected by the ship's magnetism, a\jd this must be eliminated 
to obtain results of any service. To this end, 
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First. Every series of observations made on board should 
be accompained with a notice of the direction by compass of 
the ship’s head at the time. 

Secondly. Previous to sailing, a very careful series of the 
apparent devial^ions, as shown by two compasses permanently 
fixed, (the one al usual, the other in a convenient position, 
considerably more forward in the «hip,) imevery position of the 
ship’s head, as compared with the real position of the ship, 
shoi^ld be made^ and recorded, with a view to attempt 
procuring the constants of the ship’s action according to M. 
Poisson’s tJiSory* ; and tjiis proejess should be repeated on 
one or more convenient occasions during the voyage ; and, 
generally, while at anchor, every opportunity should be taken 
of swinging round the ship’s head to the four cardinal points, 
and executing in each position a complete sertes of the usual 
observations. 

Thirdly. Wherever magnetic instruments are landed and 
observations made on term finna^ or on ice, the opportunity 
should be seized of going through the regular series on ship- 
board with more than usual diligence and care, so as to estab- 
lish by actual experiment in the only unexceptionable manner 
the nature and amount of the corrections due to the ship’s 
action for that particular geographical position, and by the 
assemblage of all such observations to alford data for conclu- 
ding them in general. 

Fourthly. No change possible to be avoided should be 
made in the disposition of considerable masses of iron in the 
ships during the whole voyage ; but if such change be neces- 
sary, it should be noted. 

Fifthly. When crossing the magnetic line of no dip it 
would be desirable to go*through the observations for the dip 
with the insjrumont Successively placed in a series of differ- 
ent magnetic azimuths, by which the influence of the ship’s 
magnetism in a vertical direction will be placed in evidence. 

On laiul^ or on ice As the completeness and excellence 

of the instruments with which the Expeditioif will be furnished 
wdll authorise the utmost confidence in the results obtained 
by Captain Ross’s w ell known scrupulosity and exactness in 
their use, the redetermiuation of the magnetic elements at 

E oints where they are already considered as ascertained, will 
e scarcely less (^esirable than their original determination at 
stations where they have never before been observed. This 
is the more to be insisted on, as lapse of time changes these 
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elements in some cases with considerable rapidity ; &nd it it 
therefore of great consequence that observations to be com- 
pared should be as nearly contemporary as possible, and tlmt 
data should be obtained for eliminating the effects of secular 
variations during short intervals of time^ so jfB lo enable us to 
reduce the observations of a series to a common epoch. 

On the other hand*it cannet be too strongly recommended, 
studiously to seek every opportunity of landing on points 
(magpetically speaking) unknown, and determining the ♦ele- 
ments of those points with all possible precision. ^,Nor should 
it be neglected, whenever tlv® slightest room for doubt sub- 
sists, to determine at the same tiinf! the geographical position 
of the stations of observation in latitude and longitude. 
When the observations are made on ice, it is needless to 
remark that this Vill be universally necessary. .. 

With this general recommendation it will be unnecessary to 
enumerate particular localities. In fact, it is impossible to 
accumulate too niaiiy. Nor can it be doubted that in the 
course of antarctic exploration, many hitherto undiscovered 
points of land will be encountered, each of which will, of 
course, become available as a magnetic station, according to 
its accessibility and convenience. 

There are certain points in the regions about to be traversed 
in this voyage which offer great and especial interest in a 
magnetic point of view. These are, first, the south magnetic 
pole (or poles), intending thereby the point or points in which 
the horizontal intensity vanishes and the needle tends virtically 
downwards ; and secondly, the points of maximum intensity, 
which, to prevent the confusion arising from a double use of 
the word poles, we may provisionally term magnetic foci. 

It is not to be supposed that Captain l^oss, having already 
signalized himself by attaining the northern magnetic pole, 
should require any exhortation to induce him to use his indea- 
voure to reach the southern. On the contrary, it might better 
become us to suggest for his consideration, that no ‘scientific 
datum of this description, nor any attempt to attain very high 
southern latitudes, can be deemed important enough to be 
made a ground for exposing to extraordinary risk the lives of 
brave and Valuable men. The magnetic pole, though not 
attained will yet be pointed to by distinct and unequivocal 
indications ; viz. by the opproximation of thctidip to 90 "^ ; and 
by the convergence of the magnetic meridians on all sides 
towards it. If such convergence be observed over any con- 
siderable region, the place of tbepolq may hence be deduced, 
thoimh its locality may be inacceijsible. % 
m. Gauss, from tlieoretical considerations, has recently 
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assigrted a probable position in Ion, 146® E., lat. 66® S.,totbe 
southern magnetic pole, denying the existence of .two poles 
ot the same name, in either hemisphere, ' which, as he justly 
remarks, woujd entail the necessity of admitting also a third 
point, having soyine of the chief characters of such a pole 
intermediate between them. That this is so, may be made 
obvious withoQt following oUt his%ome wlTat iptrieate demonstra- 
tion, by simply considering, that if a needle be transported 
from one such pole to another of the same name, it will begin to 
deviate froi^i perpendicularity towards the pole it has quitted, 
and will end in attaining perpendicularity again, after pointing 
in the latter part of its progress obliquely towards the pole to 
which it is moving^ a sequence of things impossible without 
an intermediate passage through the perpenjjicular direction. 

It is not improbable that the point indicated by M. Gauss 
will prove accessible ; at all events it cannot but be ap- 
proachable sufficiently near to test by the convergence of 
meridians the truth of the indication; anB as his theory gives 
within very moderate limits of error the true place of the 
northern pole, and otherwise represents the magnetic ele- 
ments in every explored region with considerable approxima- 
tion, it is but reasonable to recommend this as a distinct point 
to be decided in Captain Ross’s v yages. Should the 
decision be in the negative, i. e. shoij d none of the indica- 
tions characterizing the near vicinil]^ of the magnetic pole 
occur in that region, it will be to be sot jht ; and a knowledge 
of its real locality will be one of the i stinct scientific results 
v"’^hmaybe confidently hoped frotf this Expedition, and 
whicu only be attained by circumnavigating the antarctic 
pole comp,.,^ in hand. , 

The actual attaiirnient of a jbeus of maximum intensity is 
rendered (difficult by the want of some distinct character by 
which it can be known, previous to trial, in which direction to 
proceed, when after increasing to a certain point the intensity 
begins dgain to diminish. The best rule to be given, would 
be (supposing circumstances would permit it) on perceiving 
the intensity to have become nearly stationary in its amount, 
to turn short and pursue a course &t right angles to that just 
before followed, when a change could not f^^ to occur, and 
indicate by its direction towards which side the focus in ques- 
tion were situated. 

Another, and as it would appear, a better mode of conduc- 
ting such a research, would be, when in the presumed 
neighbourhood of a focus oL maximilm intensity, to run 
down two parallels of latitude or two arcs of meridians 
separated by an interval of moderate extent, observing all the 
way id each, by which observations, when compared, the con- 
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cavities of the isodynamic lines would become apparent, and 

S ndiCiilars to the chords, intersecting in or near the foci, 

; be drawn. ^ ^ 

Two foci or points of maximum total intensity are indica- 
ted by the general course of the lines in Ma^or Sabine’s chart 
in the Southern Hemisphere, one about long. 140° E.,lat* 
47° S., the other more obscurely in long. 235° E., lat. 60° S<^, 
or thereabouts. Both these points are certjiinly accessible ; 
and as the course of the Expedition will lead not far from 
each of them, they might ^ be visited with advantage by a 
course calculated to lead directly across the isodynamic ovals 
surrounding them. 

Pursuing the course of the isodynamic lines in the chart 
above mentioned, ,it appears that one of thp two points of 
minimum total intensity, which must exist, if that chart be 
correct, may be looked for nearly about lat. 25° S., long. 12° 
W., and that the intensity at that point is probably the least 
which occurs over the whole globe. Now this point does not 
lie much out of the direct course usually pursued by vessels 
going to the Cape. It w'ould therefore appear desirable to 
pass directly over it, w’crc it only for the sake of determining 
by direct measure the least magnetic intensity at present exis- 
ting on the earth, an element not unlikely to prove of impor- 
tance in the further progress of theoretical investigarion, 
Excellent opportunities will be atforded for the investigation 
of all these points, and for making out the true form of the 
isodynaiAic ovals of the South Atlantic, both in beating up for 
St, Helena, and in the passage from thence to the Cape ; in 
the course of which, the point of least intensity will, almost of 
necessity, have to crossed, or at least approached very near. 

Nor is the theoretical line indicated by Gauss^as dividing 
the northern and southern regions, in which free magnetism 
may be regarded as superficially distributed, undesHirving of 
attention. That line cuts the equator in 6° east longitude, 
being inclined tlicreto (supposing it a great circle) 15°, by 
which quantity it recedes from the equator northward in going 
towards the west of the point of intersection. Observations 
made at points lying in the course of this line may hereafter 
prove to possess a value not at present contemplated. 

As a theoretical datum, the horizontal intensity has been 
recommended by Gauss, in preference to the total, not onlv 
as being concluded from observations susceptible of great 
precision, but as affording immediate facilities for calculation. 
As it cannot now be long before the ‘desideratum of a chart of 
the horizontal intensity is supplied, the maxima and minima 
of this element may also deserve especial inquiry, and may bo 
ascertained in the lufinner above pointed out. ‘ 
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The maiCima of horironjtal mtensit^ are at present undeter- 
mined by any direct, j()b$>^rva0on. They must of necessity, 
however, lie in lower iha^netic latitudes than those of the 
total intensity, as its minima must in higher ; and from such 
imperfect mean^as we have of judging, the conjectural situa- 
tions of the maxima may be stated as Qjccurring in 
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Observations have bcdi made of the horizontal intensity 
it the vicinities of II, and III., and are decidedly the highest 
which have been observed anywhere. • 

In general, •«! the choice of stations for determining the 
absolute values of the three magnetic elements, it should be 
borne in mind, that the value of each new station is directly 
proportional to its remoteness from those already known. 
Should any doubt arise, therefore, as to the greater or less 
elegibility of particular points, a reference to the existing mag- 
netic maps and charts, by showing where the kiioNvn points of 
observation are most sparingly distributed, will decide it. 

For such magnetic determinations as those above contem- 
plated, the instruments hitherto in ordinary use, with the 
addition of Mr. Fox’s apparatus for the statical determination 
of the intensity, will suffice ; the number of the sea observa- 
tions compensating for their possible want of exactness. The 
determinations uhich belong to the second branch of our 
subject, — viz. those of the diurnal and other periodical varia- 
tions, and of the moirientary fluctuations of the magnetic 
forces, — require, i» the present state of bur knowledge, the 
use of thobe more reliiied instruments recently introduced. 
Being qpmparative rather than absolute, they depend in great 
measure (and as regards the momentary changes, wholly) on 
combined and simultaneous observation. ^ 

The variations to which the earth’s magnetic force is sub- 
ject, at a given place, may be classed under three heads, 

, namely, 1. the variations, or those which apparently 

jpbserve no law ; 2. the periodical variations whose amount is 
Qt function of the hour of the day, or of the season of the 
^^ar ; and, 3. the secular variations, which are cither slowly 
* I’ogressive, or else return to their former values in periods of 
vry great and unknown magnitude. 

"|jThe recent discoveries connected with the irregular varia- 
I'ns of the magnetic declination, have given to this class pf 
Irnges a prominent interest. In the year 1818 M. Arago 

s • 
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made, at the Observatory of Paris, a valuable and extensive 
series of t>b8ervati(»ns on the declination changes ; and M. 
Kupifer having about the same time undertaken a similtir 
research at Cazan, a comparison of the results led to the 
discovery that the perturbations of the needle were synchro^ 
nous at the two places, althpugh these places differed from 
one another by mere than forty-seven degrees of longitude. 
This seems to have been the first recognition of a phenopie- 
non, which now, in the hands of Gauss an5 those who are 
labouring with him, appears likely to receive a' full eluci- 
dation. * 

To pursue this phenomenon successfully, and to promote in 
other directions the theory of terrestrial magnetism, it was 
necessary to extend and vary the stations of observation, and 
to adopt at all a common plan. Such a system of simultane- 
ous observations was organized by Von Humboldt in the year 
1827. Magnetic stations were established at Berlin and 
Freyberg; and the Imperial Academy of Russia entering 
with zeal into the project, the chain of stations was carried 
over the whole of that colossal empire. Magnetic houses were 
erected at Petersburg and at Cazan ; and magnetic instruments 
were placed, and regular observations commenced, at Moscow, 
at Sitka, at Nicolajcff in the Crimea, at Barnaoul and 
Nertschinsk in Siberia, and even at Pekin. The plan of 
observation was definitely organized in 1830 ; and simultane- 
ous observations were made seven times in the year, at 
intervals* of an hour for the space of forty-four hours. 

In 1834 the illustrious Gauss turned his attention to the 
subject of terrestrial magnetism ; and having contrived instru- 
ments which were^capable of yielding results of an accuracy 
before unthought of in magnetic researches, he proceeded to 
inquire into the simultaneous movements of the horizontal 
needle at distant places. At the very outset of his inquiry 
he discovered the fact, that the synchronism of the perturba- 
tions was not confined (as had been hitherto imagined) to the 
larger and extraordinary changes; but that even the minutest 
deviation at one place of observation had its counterpart at 
the other. • Gauss was thus led to organize a plan of simulta- 
neous observations, not at intervals of an hour, but at the 
short intervals of five minutes. These were ‘carried 
through twenty-four hours six* times in the year; and zn/tg- 
netic stations taking part in the system were established? at 
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Altona, Augsburg, Berlin, Bonn, Brunswick, Breda, Breslau, 
Cassel, CoiJenhagen, Dublin, Freyberg, Gottingen, Green- 
wich, Halle, Kazan, Cracow, Leipsic, Milan, Marburg, 
Munich, Naples, St. Petersburg, and Upsala. 

Extensive as riiis plan appei\rs, there is much yet remaining 
to be accom})lished. The stations, nunjerous as they are, em- 
brace but a small portion of the earth’s surface ; and what is 
of yet more importance, none of them are situated in the neigh- 
bourhood of thftse singular points or curves on the earth’s 
surface, where the magnitude of the changes may be expected 
to be cxccssix'c, and pertiaps cten their direction inverted* 
In short, a wider system •of observation is required to deter- 
mine whetlier the amount of the changes (which is found to be 
very different in diffenmt places) is dependant simply on the 
geographical •or on the magnetic co-ordinates of the place ; 
whctljer, in fact, the variation in that amount be due to the 
greater or less distance of a disturbing centre, or to the modi- 
fying effect of the mean magnetic force of the place, or to 
both causes acting conjointly. In another respect also, the 
plan of the simultaneous observations admits of a greater 
extension. Until lately the movements observed have been 
only those of the magnetic declinationy although there can be 
no doubt tliat the inclination and the intensity are subject to 
sil^Uar perturbations. Recently, at many of the Gennan 
s ^tions, the horizontal component of the intensity has been 
observed, as well as the declination ; but the determination of 
another element is yet required, before we arc possessed of all 
the data necessary in this most interesting research. 

The magnetic observations about to be established in the 
British Colonies, by the liberality of the Government, will (it 
is hoped) supply in a great measure thes^ desiderata. The 
stations afe widely scattered over the earth’s surface, and are 
situate^ji at points of prominent, interest with regard to the 
Isodjuiamic and Isoclinal lines. The point of majumum 
intensity in the northern hemisphere is in Canada ; the cor- 
responding maximum in the southern hemisphere is near Van 
Diemen’s Land ; St. Helena is close to the line of minimum 
intensity ; and the Cape of Good Hope is of importance on 
a(*.count of its southern latitude. At each observatory the 
changes of the vertical cmnponent of the magnetic force will 
be observed, afis well as those of the horizontal component and 
declination ; and the variations of the two components of the 
force being known, those of the inclination and of the force 
itself are readily deduced. , llie simultaneous observa- 
tions of these three elements will bo made at numerous and 
stated periods, and we have every reason to hope that th^ 
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directors of the various European obsmatories will take part 
in the coutbiiied system. 

But interesting as these phenomena are, they form but a 
small part of the proper business of an observatory. llic 
regular changes (both periodic and secular) no less im- 
portant thtin the irregi^lar ; and they are certainly those by 
which a patient inductive inquirer >vonld seek to ascend to 
general laws. Even the empirical expression of these laws 
cannot fail to be of the utmost value, as furnishing a correc- 
tion to the absolute values of the magnetic elements, and 
thereby reducing them to their mean amount. 

The hourly changes of the declination have been frequently 
and attentively observed ; but with res])ect to the periotlical 
vfuiatious of llu' other two elements, our information is as yet 
very scanty. The dei.ermination of tliese varations will fonii 
an important i^art of the duty of the magnetic obseivatories ; 
and from the accuracy of which tlie observations are susce])ti- 
ble, and the extent which it is proposed to give them, tlicro can 
be no doubt that a very exact know ledge of tlie empirical laws 
will be the result. 

With respect to the secular variations, it might perhaps be 
doubted whether the limited time during which the observa- 
tories will be in operation is adequate to their determination. 
But it should be kept in mind that tlie monthly mean corres- 
ponding to ecich hour of obseiTation will fiunisli a separate 
result; and that the number and accuracy of the results thus 
obtained i:iay be such, as fully to compensate ibr the shortness 
of the interval through which they are followed. A beantiiul 
example of such a result, deduced from three years’ observa- 
tion of the declination, is to be fiound in the first volume of 
Gauss’s magnctical Tvork, of whicli a tranalation is published 
in the fifth number of Taylor’s Scientific Memoirs./ 

It remains to say a few words of tlie iiistnimentaj means 
whicli have been adopted for the attainment of these ends. 

The magnetic instruments belonging to each observatory 
and in constant use, ai e, 1, a declination instmnient ; 2, a hori- 
zontal force magnetometer ; 3. a vertical force magnetometer. 
These instrujnents are constructed alter the plan adopted by 
Professor Lloy4 in the Magnetic Observatory of Dublin. 
The magnet, in the two former, is a heavy bar, fifteen inches 
long, and upwards, of a pound in weight. In the declination 
instrument the magnet rests in the magnetic meridian, being 
suspended by fibres of silk without torsion. In the horizontal 
force magnetometer, the magnet is supported by two parallel 
wires, and maintained in a positiomat right angles to the mag** 
netic meridian by the torsion of their upper extremities. In 



443 


Expedition to the Antarctic Regions. 

tioth instruments the changes of position of the magnet are 
read off by means of an attached collimater having^ divided 
sq^ile in its focus. The magnetometer for the vertical force is 
a bar resting by knife edges on agate planes, and capable of 
motion thcremr^ in the vertical plane only, Tliis bar is 
loaded, so as to rest in the horizontal position in the mean 
state of the force ; and the deviations l!*oni tliat position are 
read off’ by micrometers near the two extrcinities of the bar. 

in addition fs these instruments, each observatory is fur- 
nished with*a dip circle, a transit with an azimuth circle, and 
two chronnmeters. Each vessel also is supplied with a similar 
ecluijmient. Should therelbre the ships be under the necessity 
of wintering in the ice, — ^aiid generally, on every occasion 
when die iiatm-e of the service may render it necessary to pass 
a considerable>«interval of time in any port or anchorage, — the 
magnetometors should be established, and observations made 
with all th(5 regularity of one of the fixed obser\'atories, and 
with strict attention to idl the same detail. 

The selection of proper stations for the erection of the 
magnetometers, and the extent of time wdiich can be bestowed 
upon each, must in a great measure depend on circumstan- 
ces, which can only be appreciated after Uie Expedition shall 
have sailed. The observatory at St. Helena (the officers imd 
instruments tor which will lie landed by Captain Ross,) will iu 
all probability, — and that at the Cape (similarly circumstanced 
in this respect) may possibly , — he in activity by the time the 
ships arrive at Kerguelen’s Land ; which wc would recom- 
mend as a very interesting station for procuring a complete and 
as extensive a series of corresponding ob&er\ations as the 
necesrity of a sjiecdy arrival at Van Diemen’s Land for the 
cstiiblishment of th^ fixV.d observatory at that point will allow ; 
taking in tot consideration the possibility of obtaining during 
the iuteririediate voyage, a simihir series, at some point of die 
coast discovered by Kemp and Jiiscoe. In the ulterior 2 )tose- 
cution of the voyage, a point of especial interest for the 
perfonnaJice of similar observations will be found in New 
Zealand, which, according to the sketch of the voyage laid 
before us by Captain Ross, will probably be visited shortly 
after the establishment of the Van Diemen’s Land observa- 
tory. The observations there will have esjieciaT interest, since, 
taken in ^oujumition with those simultaneously making in Van 
Diemen’s Land, they will decide the important question, how 
far that exact corrosj^ondcnce of the momentary magnetic per- 
turbations which has bepn observed in Europe, obtains in so 
remote a region, between pl^ce^ se 2 )arated by a distance equal 
to that between the most widely distant European Stations. 
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' In interval between quitting Van Diemen’s Land and 
retoming^to it again, opportunities will no doubt occur of per- 
forming more than one other series of magnetometer observa- 
tions, the locality of which may be convenieniJy left to the 
judgment of Captain Ross, bearing in mind*the advantage of 
obsening at stations,- as rei^otc as possible from both Van 
Diemen’s Land and New Zealand. 

The research ibr the southern magnetic pole Jind the explo- 
ration of the antarctic seas will afford, it may be presumed, 
many opportunities of instituting on land hithertC unknowm, 
or on firm ice when the vessM may be for a time blockaded, 
observations of this description ; abd in the progress of the 
circumnavigation, the line of coast obsen^d or supposed to 
exist imder the name of Graham’s I^and, or those ol the islands 
of that ricinity. South Shetland, Sandwich Land, and finally 
on the hoinew'ard voyage the Island of Tristan d’Acunha will 
afford stations eacli of its own particular intorest. 

A programme will be furnished of the days selected for 
simultiTieous obsenations at the fixed observatories, and of 
the details to be attended to in the obsenations themselves as 
above alluded to. I'hesc days will include the terms or 
stated days of the German Magnetic Association, in which, 
by arrangements already existing, every European magnetic 
observatory is sure to be in full activity. Tlicse latter days, 
which occur four times in the year,wdll be especially interest- 
ing, as periods of niagnctomctrical observations by the 
ExpeditiGiijwben the circumstances of the voyage will itennit. 
For the determination of the existence and j^rogress of the 
diurnal oscillation, in so far as that important element can b(t 
ascertained in periods of brief duration, it will be necessary to 
continue the obsenations hourly during'* the tw’c;nty-fom* for 
not less than one complete week. At every station where the 
magnetometers arc observed, the absolute vtilues © of the 
dip, horizontal direction, and intensity will requirj^ to be 
ascertained. ^ 

Sydney, for a station of absolute determinations, would be 
with great propriety selected, as there can be no doubt of its 
becoming at no distant period a centre of reference for every 
species of local determination. 

The meteorological particulars to be chiefly attended to, as a 
part of the magnetic observations, are those of the barometer, 
thermometer, wind, and especially auroras, if any. In case of 
the occuirence of the latter indeed, the hourly should at once 
be exchanged for uninterrupted obseA^ation, should that not 
be actually in operation. The affections of the magnetome- 
ters during thunder-storms, if any, should be noticed, though 
it is at present believed that they have no influence, 
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During ait eailhqii^Llce in Siberia in 1829, the direction of 
the horizontal needle, carefully watched by M. Erman^ was 
uninfluenced ; should a similar opportunity occur, and circum- 
stances pennitf it should not be neglected. 

Should land or*secure ice be found in the neighbourhood of 
the magnetic pole, every attention will course be paid to 
the procuring a complete and extensive seriea of magnetometric 
observations, wl\ich in such a locality would form one of the 
most remarkable*results of the Expedition. 

ELBCTUOMtfTERS. 

% 

The Council are fully impressed with the high importance, 
of regular observations on the electrical stat;^ of the atmos* 
phere; but thfey are not prepared to suggest any means of 
effecting this desirable object, which will at all correspond 
with the present advanced state of electrical physics. At no 
distant period they hope to supply a defect which is certainly 
a reproach to scien^. In the meantime much valuable infor- 
mation might be acquired by observations of an electroscope, 
on one of the ordinary constructions connected with a lofty 
insulated wire. 

In erecting such a wire, proper precautions should be taken 
against accidents by preparing a sufficient conductor in its 
immediate vicinity, by which a communication could be at 
once opened with the ground in case of any sudden and dan* 
gerous accumulation of the electric fluid. • 

As a temporary contrivance, a common jointed fishing-rod, 
having a glass stick well varnished with shell lac, substituted 
for its smallest Joint, ii^ay be projected into the atmosphere. 
To the end of thc^lass must be fixed a ifietallic wire termi- 
nating in % point, and connected with an electroscope by 
means o| a fine copper wire. If the wire be made to termi- 
nate in a spiral wrapped round a piece of cotton dippe*d in 
spirits oT wine and inflamed, its power of^ collecting electri- 
city will be sometimes doubled, but great precautions are 
necessary when this mode is employed. When the electro- 
scope has been charged, the nature of the electripity may be 
tested in the usual way by excited glass or sealing wax. 

The principal electroscopes which are capable of being 
employed to asc!ertain the electrical state of the atmosphere, 
or rather to compare its state at any given elevation with the 
state of the medium in contact with the instrument, are the 
following : • ^ 

1. De Saussure’s electrometer, which consists of two fine 
wires, each terminated by a small pith ball, and adapted to a 
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small metal rod fixed in the upper part of a square glass cover^ 
upon one; of the faces of which a divided scale is marked, in 
order to measure the angles of deviation of the two balls : . 

2. Volta’s electrometer, formed of two straws about two 
inches long and ^th of a line broad, suspended from two 
small very moveable f ings adapted to metal rod ; to measure 
the deviation of ^he straws* a telescope with a nonius is 
employed: 

3. Singer’s electrometer, consisting of t4ro slips of ^old 

leaf suspended from the rod : * 

4. Bohnenberger’s electmscope,* formed of a single strip 
of gold leaf suspended from the cmiducting rod between two 
dry piles, the negative pole of one and the positive pole of 
the other being ,, uppermost ; this arrangement has the advan*- 
tage of indicating the kind of electricity communicated to the 
conductor. 

The observations made wdth these and similar instruments 
have demonstrated *that in serene weather the electricity of 
the atmosphere is always positive with regard to that of the 
earth, and that it becomes more and more positive in propor- 
tion to its elevation above the earth’s surface ; so that if an 
observer be on a mountain or in a balloon, if his conductor 
be directed downwards to reach an inferior stratum of air, his 
electroscope will indicate negative electricity ; and if it be 
sent upwards into a superior stratum, positive electricity will 
be manifested. Various means have been resorted to in these 
experiments, such as connecting one of the extremities of 
the conducting wire to a kite, a small balloon, or the head 
of an arrow, the other extremity remaining attached to the 
electroscope. , 

It has been ascc*rtaincd by the observations of l)e Saussurc, 
Schublcr, Arago and others, that the positive dicctricity of 
the atmosphere is subject to diurnal variations of intensity, 
there being two maxima and two minima during the twenty- 
four hours. The first minimum takes place a little before the 
rising of the sun ; as it rises, the intensity, at first gradually 
and then rapidly, increases, and arrives at its first maximum 
a few hour.s after, 'lliis excess diminishes at first rapidly 
and afterwards slowly, and arrives at its minimum some 
hours before sunset ; it re-ascends when the sun approaches 
the horizon, and attains its second maximum a tew hours 
after, then diminishes till sunrise, and proceeds in the order 
already indicated. The intensity of the free electricity of 
the atmosphere has also been fgund toundergo annual changes, 
incrieiasing from the month of July to the month of November 
inclusive, so that the greatest.intensity occurs in winter, and 
the least in summer. ^ 
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In cloudy Veather the free electricity of the atmosphere is 
still positive. During storms, or when it rains or snows, the 
el«?tricity is sometimes positive and sometimes negative, and 
its intensity is always much more considerable than in serene 
weather. The etectroscope will, during the continuance of 
a storm, frequently indicate several changes, from positive 
to negative. 

The above is ^ short summary of almost all that is known 
respecting the laws of atmospheric electricity. It will be 
highly impoftant to obtain a series of observations equal in 
accuracy to those made by*SchublPr at Frankfort in 1811 and 
1812, simultaneously with ftie observations of the hygrometer, 
barometer, thermometer, &c. Combined observations at a 
number of different stations cannot fail to give us important 
information respecting the distribution of the free electricity 
in the atmosphere, and the extent and nature of the distur- 
bances to which it is subject; but to render the results valua- 
ble it will be necessary to have instruments comparable with 
each other, and this may be a difficult matter to effect.* 

Very recently a new method of investigating the electric 
state of the atmosphere has been proposed, likely to lead 
hereafter to very certain and valuable results ; but it has not 
been sufficiently put in practice to enable the Council to re- 
commend, at the present moment, the best form of instru- 
ment for making simultaneous and comparable observations, 
or the proper precautions to guide the observer in manipu- 
lating it, • 

For the principle of this instrument we are indebted to Mr. 
Colladon of Geneva. He found, that if the two ends of the 
wire of a galvanic multiplier, consisting of very numerous 
coils well insulated f»m each other, were bToiight in contact, 
one with a tfody positively, and the other with a body nega- 
tively charged, a current of electricity passes through Jtlie 
wire, unjil equilibrium is restored ; the energy and direction 
of this current is indicated by the deviation of the needle 
from the' zero-point of the scale. This instrument is applied 
to the purpose of ascertaining and measuring the atmospheric 
electricity, by communicating one end of the wire with the 
earth, and allowing the other to extend into the region of 
the atmosphere, the electrical state of which is intended to 
be compared. 


• For a fuller account of what is known respecting atmospheric clectrieitj, 
and the mode of conducting the observations, see Becquerel’s TraiU m 
1* Electrieiti, t. iv. pp. 78-^1*25. 
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Thunder storms, of course, should be attended to ; but it 
is of consequence also to notice distant lightning not accom- 
panied with thunder audible at the place of observation, 
especially if it take place many dap in suceession, and to 
note the quarter of the horizon where it "appears, and the 
extent which it en^bracea. In an actual tnunder stoim, 
esjpecial notice should be taken of the quantity of rain which 
falls, and of the fits or intermittances of its fajil, as correspond- 
ing, or not, to great bursts of lightning, as also of the 
direction of the wind, and the apparent progres^o/ the storm 
with or against it* 


Registers. 

The Register proposed by the Council may be comprised 
in two skeleton forms, which have been supplied to the mkg- 
netical observatorijps and to the Expedition. 

They are each calculated for one month's observation. 
The first form is for the insertion of observations as they are 
made in their uncorrected state. It consists of 12 principal 
divisions, and is ruled across for 31 days, and for the arith- 
metical convenience of casting up the sums and means of the 
quantities inserted. At the bottom of the sheet there is also 
a space provided for the hourly observations of the barometer 
and thermometers on ihe iwentyfirst day xjf the months 
which will be more particularly described after the explanation 
of the principal divisions. 

The outside compartments, both on the left and right of 
the sheet, are for the date of the month and the phases of 
the moon. ^ 

The second cofnpartmentis for the height of the barometer, 
and the temperature of the mercury for the ^our regular 
periods of observation. r 

The third compartment is appropriated to the /lew-point 
hygrometer, and^contains also four columns for the four daily 
observations, each of which is subdivided into three ; for the 
temperature of the air, the dew-point, and the difference 
between the two. 

The fourth compartment is for the wet-bulb hygrometer, 
and is similarly divided and subdivided for the temperature of 
the dry-and wet-bulb thermometer, and for their difFerenees. 

The fifth compartment is prepared for the maxima and 


* On these subjects the Coancil especially recommend the attentive 
perusal of Arago’s Sotive tur le Toan^re, 
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minima of temperature, and is divided into three. In the 
first division are to be recorded the maxima and minima of 
thisrmometers carefully placed in the shade and screened from 
radiation. In.the second, the maxima of a blackened ther- 
mometer exposed to the sun, and the minima of a thermo- 
meter placed in a metallic mirror, and radiating freely to the 
clear sky. The third is devoted^to occasional observations of 
the actinometcr under favourable circumstances. 

The sixth coihpartment is for the temperature of the sur- 
face-water of the sea, or of any river in the immediate neigh- 
bourhoo^\)f the observatory. • 

The seventh compartment is prepared for observations upon 
the direction and force of the wind at the four regular hours 
of registry. In the left-hand column of each division is to 
be recorded the direction of the vane, and in the right-hand 
column the height of Lind’s gauge, in tenths of an inch 
of water. 

In the eighth compartment the amount of rain is to be 
registered once in the day ; and in ttie ninth, the electrical 
state of the atmosphere, if possible, at the four periods, 3 
A. M., 9 A. M., 3 p. M., and 9 p. m. 

The tenth compartment is appropriated to remarks on the 
clouds, and weather generally ; and in the eleventh is to be 
noted, at noon, the longitude and latitude at sea. 

On a careful review of the month’s observations, the 
maxima and minima results should have the algebraic signs 
-f and — respectively afiixcd. • 

The second form is devoted to the corrected results of the 
observations, and to the optical comparison together of some 
of them, by their projection upon a scale of equal parts. 

The upper half <)f the sheet is vertically divided into two 
equal partf, each prepared for half the month’s observations, 
and accordingly ruled across into sixteen spaces for the d^ly 
observations, and two for the sums and means of the quan- 
tities. *Kacb half is also divided into five compartments. 

The first is for the date of the month and the phases of 
the moon* 

The second for the corrected height of the barometer at 
32^ Fahr. 

The third is appropriated to the elastic force of the aqueous 
vapour corresponding to the dew-point, and which may be 
taken from Table 5, in the Appendix B. 

The fourth is for the maximum and minimum of tempera- 
ture, and the mean of the two^ 

And the fifth for occasional remarks. 

The lower half of the sheet is also vertically divided into 
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two equal parts, each of which is similarly divided into 31 
columns* for the daily observations of a month ; and these 
again subdivided into four, for the six-liourly observations of 
each day. The vertical lines thus formed arc divided into 6 
inches ; and each inch into tenths of an inch, and half-tenths, 
by horizontal lines. » 

The left-hand compartment tlius ruled, is intended for the 
projection of curves of temperature ; for this purpose each 
tenth of an inch upon the scale must be rdtkoned a degree, 
which will be divided by the faint line into halves# 

The value of the degree may be arbitrarily and in- 
serted in the margin according to Convenience. Towards the 
upper part of the scale the results of the six-hourly obser- 
vations should each be marked by a dot in its appropriate 
space, and the dots may be afterwards connected by a line. 

The temperatures of the dew-point, or of the wet-bulb 
thermometer, or the mean temperature, may be compared 
with this primary result by projecting their curves in a similar 
way beneath it ; and should the observations of these points 
be less frequent than four times in the day, the daily spaces 
may easily be divided accordingly. 

The right-hand compartment is appropriated to the projec- 
tion of curves of pressure, and the four daily observations of 
the barometer are to bo marked by dots towai-ds the upper 

f >art of the scale of inches, and afterwards connected by a 
iue. Towards the lower part of the scale the elastic force of 
the vapour is to be noted, and the marks to be similarly con- 
nected by a line. 

On either the scale of temperatun! or of pressure, occa- 
sional comparisons may be made with results obtained at 
other stations, which, if judiciously sebeted, cannot fail to 
prove of high interest and importance. 'I'hcy ^lould, how- 
ever, be laid down in pencil, or marked by a fainter line. 

At the bottom of the first skeleton form will be found a 
space prepared fq^ the 24 hourly observations of the twenty- 
first day of the month, both in their uncorrected and tlieir 
corrected state. It is divided into four compartments for 6 
hours eaclk The instruments which can with most facility be 
observed in this manner, are the barometer with its attached 
thermometer, and the dry-and wet-bulb thermometers; and 
columns are appropriated to each of these. It is desirable 
that the mean of each G hour should be calculated, and 
spaces have been provided accordingly for the arithmetical 
operations. • 

In casting up the sums and calculating the means, care 
should be taken in all cases to verify the results by repetition ; 
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and the Council recommend in every instance, before adding 
up the columns, to look down each to sec that n5 obvious 
ertor of entry (as of an inch in the barometer, a very com- 
mon error) mav remain to vitiate the mean result. The pre- 
caution should 41so be taken of counting the days in each 
column, so as to make no mistai^e in the divisor. 

The skeleton forms will be interleaved wkh blank pages, to 
facilitate complications And comparisons, and to afford space 
for other observations of atmospheric phenomena, which will 
perpetual^'^ present themselves to those who make it their 
business or their pleasure 1;o watch the changes of the weather 
on a judicious plan. Tlie Council, indeed, wish it to be 
understood, that, in the suggestions which they have offered, 
they have taken into consideration only such observations as 
are indispensafile for laying the first foundations of meteoro- 
logicaLscience ; some investigations of a more refined character 
they may, probably, make the subject of it future report. 

As soon as the register of a month's observations has been 
computed, it should be copied, and the copy carefully com- 
pared with the original by two persons, one reading aloud 
from the original, and the other attending to the copy, and 
then exchanging parts, — a process always advisable whenever 
great masses of figures are required to be correctly copied. 

A copy so verified should be transmitted regularly to 
such person or public body, as, under the circumstances, 
may be authorized or best adapted to receive and discuss the 
observations. 


ACCOUNT OF THE MAGNETICAL INSTRU- 
MENTS EMPLOYED AND OF THE MODE OF 
OBSERVATION TO BE ADOPTED, IN THE 
MAGNETICAL OBSERVATORIES ABOUT .TO 
BE ESTABLISHED BY HER MAJESTY'S GO- 

ver'^ment. 

Ths elements on which the determination of the eartl/s 
magnetic force is usually based are, the declination, the incli^ 
nation^ and the intensity. If a vertical plane be conceived 
to pass through the direction of the force, that direction will 
be determined when its inclination to the horizon is given, as 
well as the angle which the plane itself forms with the meri- 
dian ; and if, in addition to these quantities, we likewise know 
the number which expresses th^ ratio of the intensity of the 
force to some established unit, it is manifest that the force is 
completely determined. 
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For many purposes,' however, and especially irf the delicate 
researches connected \rith the variations of the magnetic 
force, a different system of elements is preferable. The inten- 
sity being resolved into two portions in the plane of the 
magnetic meridian, one of them horizontal and the other 
vertical^ it is manifest that these two components may be 
substituted for the total intinsity and the inclination ; wnile, 
at the same time, their changes may be determined with far 
greater precision. The former variables ar^ connected trith 
the latter by the relations • 

X=Rcosd, , ^=:Rsind; 

in which R denotes the intensity, X and Y its horizontal and 
vertical coinponoiits, and 0 the inclination; and the variations 
of B and R are expressed in terms of the variations of X and 
Y by the formulae : 

dR dX dY 

— = coB^O 1- sin’^f^ — • 

R X Y 

As the instruments destined for the observation of these 
elements (with a set of which each observatory is furnished) 
are, for the most jiart, novel in form, it will be useful to give 
a somewhat detailed account of tlieir construction and various 
adjustments, before entering on the plan of observation to be 
pursued. 

DfiCLlNATION MaGNETOJTETKU. 

• 

Construction , — The essential part of the declins^ion mag- 
netometer is a magnet bar, suspended by fibres of untwisted 
silk, and inclose(| in a box, to protect it from the agitation of 
the air. The bar is a rectangular parallelepiped, 15 inches in 
length, |ths of an inch in breadth, and ^th of an inch in thick- 
ness. In addition to the stirrup by which the bar is suspended it 
is furnished with two sliding pieces, one near each end. One 
of these pieces contains an achromatic lens, and the other a 
finely divided scale of glass ; the scale being adjusted to the 
focus of the lens, it is manifest that the apparatus forms a 
moving collimator, and that its absolute position at any 
instant, as well as its change of position from one instant to 
another, may be read off by a telescojie at a distance. The 
aperture of the lens of this collimator is inch, and its 
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focal length ^bout 12 inches. Each division of the scale is 
^y^th part of an iiy n ; and the corfesponding angular quan- 
tity is about 43 seconds. 

To the suspension thread is attached a small cylindrical bar, 
the ends of which are of smaller diameter, and support the 
stirrup which carries the magnet. The apertures in the stirrup, 
by whiclj it hangs on the cylindcfr, are of the form of inverted 
Y’s, so that the bearing points are invariable. A second pair 
of apertures at \he other side of the magnet, serves for the 
purpose of rlnversal ; and care has been taken to render the 
lines connfjcting the bearing point^of each pair of Y’s parallel, 
so that there may be no difference in the amount of torsion 
of the thread in the two positions of the stirrup. The two 
pairs of apertures are at different distances ^fom the magnet, 
in order that the line of collimation may remain nearly at the 
same height on inversal, and thus it may not be necessary to 
alter tfie length of the suspension thread. The stirrup, and 
the other sliding pieces, are formed of gifn metal. 

For the purpose of taking out the torsion of the suspension 
thread, the apparatus is furnished with a detorsion bar^ 
which (w'ith its appendages) is of the same weight as the 
magnet. It is a rectangular bar of gun-metal, furnished with 
a stirrup and collimator similar to those of the magnet. A 
rectangular aperture in the middle receives a small magnet, 
th(i use of which is to impart a slight directive force to the 
suspended bar, and without which the final adjustment of 
dctorsioii would be tedious and difficult. 

The frame-work of the instrument consists of two pillars 
of copper, 35 inches in height, firmly screwed to a massive 
marble, base. These pillars arc connected by two cross pieces 
of wood, one at tlye top, and the other *7 inches from the 
bottom, hi the centre of the top piece is the suspension 
apparatijs, and a divided circle used in determining^ the 
amount of torsion of the thread. A glass tube (between this 
and the*iniddle of the lower cross piece) encloses the suspen- 
sion 'thread ; and a glass cap at top covers the suspension 
apparatus, and completes the enclosure of the instrument. 

The box is cylindrical, its dimensions being 20 inches in 
diameter by 7 inches in depth. It rests upon the marble slab, 
and encompasses the pillars ; and it is so contrived as to be 
raised, when necessary, for the purpose of manipulation. 
There are two apertures in the box, opposite to eacli other. 
The aperture in front, used for reading, is covered with a 
circular piece of parallel gla^, attached to ,a rectangular 
frame of w'ood which moves in dovetails ; the prismatic error 
of the glass (if any) is corrected by simply reversing the 

\ \ No. o ISIO. II n 
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slider in the dovetails. The opposite aperture is^for the illu- 
mination of the scale. 

In addition to the parts abovementioned, the instrument's 
provided with a se:!ond magnet, of the same^ dimensions as 
ilie first, to be used in measurements of absolute intensity; a 
thermometer, the bulb of which enters the box, in order to 
determine the intcrifir temperature ; and a copper ring, for 
the purpose of checking the vibrations. 

Adjustment — The instrument liaving boifti placed o» its 
support, the base is to be levelled, and the wholj^ then fixed 
in its place. The levellings of the .base may convoiiieiitly be 
j>erformod by the aid of a plumb-l^ie hanging in the place of 
the suspension thread ; but no great jnccision is required in 
tliis operation, the chief object of which is that the suspen- 
sion thread may occupy the middle of the tube, and that the 
magnet may he central with regard to its support. The sus- 
pension thread is then to bo formed, and attached lit one 
extremity to the r(>Iler of tlie suspension ajiparatiis, and at 
the other to the small cylinder which is to bear the stirrup 
and magnet. Sixteen fibres* of nntwisted silk are sufficient 
to boar double the load without breaking, and will be found 
lo form in other respects a convenient suspension. 

These preparations being made, the adjustments arc the 
following ; 

1. 'fhe sliders being placed on the magnet, the scale is to 

be adjusted to tlie foi us of the lens, and in such a manner 
that the ^centre of gravity of the sliders may be near the 
middle of the bar. I'hc acljnstraent to focus has been already 
made by tlie artist, and tlie corresponding distances of the 
sliders ineasnred ; they will be found in Table 1. ^ 

2. 'rhe magneto is to be connected j ith the suspensioii 
thread by means of the stirrup, anti to bo nuived ii? the stirrup 
until it ;issumcs tlie horizontal position. This adjustment 
may* be conveniently eirocted by means of the image of the 
magnet, reflected from the surface of water or merctiry, the 
object and its reflit^tecl image being parallel when the former 
is horizontal. The stirruj) is then fastened by its screws, and 
the magnet wound up to the desired height. As the thread 
stretches considerably at first, allowance should be made for 
this in the height. 

ikt 'I'he magnet is then removed, and the unmagnetiii bar 


♦ Not the iiKH\i<lu:il fibre nf the silk-woniij but the compound fibre iu the 
state in which it prepared for spinirng. ^ 
f It is obvious that this step of the adjustment may precede the 1st and 
2nd, w’hcrc a saving of time is important. 
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(having its Vollimator similarly adjusted) is to be attached, 
without its small magnet, and allowed to swing for several 
hours. The bar having come to rest, or nearly so, its devia- 
tion from the magnetic meridian is to be estimated^ and the 
moveable arm of the torsion circle turned through the same 
angle in an opposite direction. The pUnc of detorsion then 
coincides, approximately, with the magnetic meridian. 

4. Th{5 magnet is then to be substituted for the unniagnctic 
barj and the tefescope being directed towards the collimator, 
the point of the scale coinciding w'ith the vertical wdre is to be 
noted when the magnet is'in the direct and inverted positions. 
Half the sum of these rdudings is the point of the scale cor- 
responding to the magnetic axis of the magnet bar ; and half 
their dilference (converted into angular measure) is the devia- 
tion of the linb of collimation of the telescope from the mag- 
netic ijrieridian. The telescope should be moved through tins 
angle in t}ie opposite direction. 

5. In order to take out the remaining torsion of the thread, 
the magnet is again to be removed, and the uumagnetic bar 
(with its small magnet attached) substituted. The deviation 
t)f this bar from the maguetie meridian should then he read 
otl* ou its divided scale, and tlio movi‘al)le arm of the torsion 
circle turned through a given angle iii the opposite diiajctiou. 
The deviation being again read, a simple ju'oportion w ill give 
the vernaining angle of torsion ; and the moveable arm being 
turned through this angle in the opposite direction, another 
observation will serve to verify the adjustment, 'i’lie plane 
of detorsiou then coincides with the magnetic meridian ; and 
the magnet being replaced, the instrument is ready for usv''. 

Observations The .observations to be made with this in- 

strument arc, 1. t\\Q absolute dccUAafion ; 2. of the 
variations^ of the declination ; and 3.. of the absolute in- 
tensitij . , 

For measurements of the absolute ion each obser- 

vatory fs furnished wdtli a small transit in:;i|;ruinent liaving an 
azimuth circle. This instrument being placed in the magnetic 
meridian of the declination instrument, the point of the scale 
coinciding wdth the central wire of the transit telescope is to 
be observed; the interval between this point and the point* 


* Til determining tliis point by the mean of two re idiiigs of the scale with 
the bar erect and Inverted, care must be taken to elntiinatc tlie derJinatiori 
changes which may occur in tlie interv^al of the two parts of the observation, 
'riic horizontal force inagnctoinetf'r may be applied to the purpose of this 
elimination. But pcrhat>s the simplest course is to take a series of readings 
as rapidly as possible, alternately in the two positions of the bar, ehoo.siiig 
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corresponding to the magnetic axis of the bar, converted into 
angular measure, is the devis^tion (^) of the line of collimation 
of the transit telescope from the magnetic meridian. The 
verniers of the horizontal circle being then read, the telescope 
is turned, and its central wire made to biseA a distant mark, 
whose azimuth (a) has been accurately determined. If a 
denote the angle read off on* the horizontal circle, it is mani- 
fest that the angle betw een the magnetic and Jhe astronomical 
meridians is * 

a + a + • 

a and e being affected with their proper signs. The angle a 
is supposed to have been previously determined by the help of 
the transit instrument. 

But instead of referring the transit telescope directly to 
the magiietie meridian by means of the moving collimator, 
the same result w ill be obtained, and probably in a* better 
manner, by referring it to the line of collimation of the fixed 
telescope^ with whicli the changes of the declination are 
regularly observed. Tor tliis purpose it is only necessary to 
employ the latter telescope as a collimator, the telescope being 
reversed in its Y supports, if necessary. A fixed collimator 
may also be conveniently substituted for tlie distant mark. 
This mode of observation has the advantage of connecting 
the absolute determination directly with the regular series of 
observations ; and it is manifest that it is sufficient, without 
any othei; means, to determine whether any, and what changes 
may have occurred in the position of the fixed telescope. 

'riie fixed telescopes, furnished to each observatory, have 
an aperture of Ig inches, and focal length of 14 inches. 
They should be fixed upon a stone pillar, or upon a firm 
pedestal of wood resting on solid masonry uiiconticcted with 
the floor. 

In observing the declination changes the fixed telescope 
(above referred to) is alone employed. The observation con- 
sists simply in noting the point of the scale coinciding with 
the vertical wire, at three successive limits of the arc of 
vibration. 'J'he three readings being denoted by a, 6, c, the 
mean point of the scale c^orresponding to the time of the 
middle observation is 

} (a + 2 6 + c). 


for the time of ob<ervation a period wlicn the declination changes arc slow and 
I'egular. By comparing each result Avilh-Ihe mean of the ])rceeding and sub- 
sequent, and then taking the mean of all these partial means, a very accurate 
determination niav he obtained. 
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This mode of obsen’ation is sufficient where the. ohsevvcT is 
not limited to a precue moment of observation. "C)ilien\ise 
the more exact method pointed out by Claiiss is to be ])re- 
ferred. • 

The changes bf position of tlie scab) may be converted into 
angular measure, the angle con'espondiiig to one, division, 
being known. In general, however, tliis ivdiiction will only 
be required in ^lie monthly mean results. 

tJetbre the true changes of tlic declination can In* deduced 
from the^ol)served readings, it is necessary to aiq)!)’ a correc- 
tion depending upon th^* force *of torsion of thi'. suspension 
thread. For suj)posing that the plane of detorsion lias been 
lirought (by the adjustments above described) to coincide witli 
the magnetic meridian, it is manifest that on i‘\cry clc\iatioii 
of the magiiel from, that, its mean position, the torsion force 
will be brought into play ; and as tliis forci^ tends to bring 
back the magnet to the mean jiosition, tly.^ appariMit dexiatioiis 
must be less than the true. T’he ratio of tin* torshm llirce, to 
the magnetic directive force, is experimentally determined by 
tuniing the movealde arm of the torsion circle (broiigh any 
given large angle (for cxamjde 5)0"), and observing the corres- 
ponding angle through which the magin't is deflected, la’t 
n demote the latter angle, and r the former; then the ratio in 
riuestion is, 

(1 n 

F r — a 


in which G is the co-efficient of the torsion forca*, and 1^ tins 
moment arising froqi the action of the earth’s magnetic force 
upon the free magnctisiii of the bar, the direction ol‘ tlu? acli<ni 
being sup[)osed to be peiq}cndicular to its magnetic axis. Tlu*, 
ratio of 'tln^ two forces being thus found, the true ileclination 
changes arc deduced from the apparent, by multiplying them 
by the co-efficient 

G 

1 + — * 

F 


In order to obtain an exact result by the mode of cxjieri- 
ment above described, it is necessary that the actual changes 
of the declination which may occur in the interval of the two 
readings, should be eliminatqd. llie obvious inctliod o/ 
accomplishing this, is to "observe the declination clauiges 
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simultaneously with a second apparatus. If sucli means, 
however, Should not bo at hajid, the object may be attained 
by njalciiig a series of readings witli the vernier of the torsirwi 
circle allernatoly in two fixed positions (for example + 90® and 
— 00® ) ; the mean result will be indejiendeift of the declina- 
tion cliaiiges, provided the progress of these changes has b(;cn 
gradual in the intcMval of the experiment. 

For the purpose of determining the absolyte intensiii^ of 
the horizontal coTn])<)iient of the earth’s magnetic force, the, 
declination instrument is pro\ided with a deflect iufj hm% and 
a beam compass to be usi^d m measAriiig its distance from the 
suspende<l inagm't. Tlie mode of observation has been so 
fully explaiii(‘(l by (buiss, in lus valuable memoir entitled 
futrusilas ris ho'yestris ad- mensuram absolulam revocala^^ 
and in (he first volimui of the licsultatef^ that it is unneces- 
sary to eiU(‘r here into any dt liiils. . 


Tlie following table contains tlie intenal of tlie sliders of 
the collimators, coiTesjamding to focal adjustment; and also 
the arc vahu's of one (livisiou of the scale in each instrummit, 
expressed in decimals of a minute. 


T/VncK 1. 


No. of 
Instrunvuit. 

Observatory. 

Inlrrval of 
SliiliTs. 

Arc value of 
011U division. 

I. 

ir.M.S. ]':rcl.us 

inchiis. 

1 170 

07297 

fi. 

Van Jt)ienu*n’s Land 

•1201 

0-7085 

111. 

Montreal i 

IIV 2 

g-7-208 

IV. 

(.'ape of Good 1 lope 

1118 

0-75‘25 

•v. 

St. Helena 

11-90 

0-7108 
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IIoRI5W)NTAL FoRCK MxVGNE'J’OMKTKR. 


The instiTimeiit employed in detennining the horizonUd com- 
ponent of the earth’s magnetic force is similar, in principle, 
to the bifilar magnetometer^'' of Gauss. Tt is a magnet bar, 
suspended by two equi-distant wirt‘s, or (more accurately) by 
two portions of the same wire, the distance of whose bearing 
points is the same above and below; by the rotation of the 
upper extremities of the wire round their middle point, the 
magnet is maintained in a pojition at right angles to the mag-" 
netic meridian. • 




Expedition to the Antarctic liegians. 4oi) 

It is inaiiilest from the nature of this susjx'iision, that the 
wrii/Ut of the suspendeil body will tend to brin{< into tln' 
position in which the two portions of the wire are in the mim* 
plane throuj^liout The moment of the direetivi' force is 
G sin V ; — v deivoting the angle formed by the lines joining the 
bearing points above and below, or the deviation from tlie 
l)lane of detorsion ; and G being expivsse(\ by the fonnnla 



in whicb w denotes tin* of the suspended l)ody, a half 

tbe interval oi‘ the wires, and / ibeir lengtb. Tlie earth’s 
magnetic forre^ on tbe other liand, tends to bring the mag- 
netic axis of tjie bar into tlie magnetic meridian witli the force 
F sin u ; in which n is the deviation of the magnetic axis 
from the meridian, and 1 ms tlic product of the horizontal ])art 
the earth’s magnetic force intotlie mom(‘fit of tree magnetism 
of the bar. The magm^t being tims acted on by two fona's, 
will rest in the position in which their nionients an' t'f|ual 
When tlie instnimeiit is so adjusted that n Ob , or the 
magnet at riglit angles to the magnetic im'ridian, 

F =r= G sin r ; 

and the ratio oi'^the forces is hiiown, when we know the. angle 
V, But as one oi’ th(?se forces is constant, and the other 
variable, it is evident that the idaet' of the nuignet will vary 
around its mean position, and that the \ariations of angle are 
tM>iineeted with the x ariations of the force. 'J’his connexion is 
('xpressedby the formula 

d F ?= F cotan r . d a ; 

t 

the angle d n being ex]m\ssed in parts of radius. 

Construction . — The magnet bar is of the saim; dimensions 
as that of the declination instrument. The collimat(»r, by 
which its changes of position arc observed, is attiiebed to the 
stirrup, and has a inotioii in azimuth. I’iie suspeiiding wire 
passes round a small grooved wheel, on the axis of which the 
stirrup rests hy inverted Y\s ; and the instrument is furnished 
with a series of such wheels, whose diameters increase ii] 
aiitlmmtical progression, (die common dilference being 
about ^^tli of an inch,) for the ])iupose of varying the inU;rval 
of the . wires. The exact intervals, corresponding to each 
separate wheel, have been dctenninefl by tlie artist by accurate', 
micrometrical measurements; they are given in Table Ilf. 
The same interval is altered,** at the upper extremity, hy 
,':..ineans of two screws (one right-handed and the other left- 
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handed) cut in the same cylinder ; the wires heinff lodged in 
the intervds of the threads, and their distance regulated by a 
micrometer head. I’lie inten*al of the threads of this screw 
(which is precisely the same for all the instrummits) is 
or ‘O-ioDT of an inch. The micrometer head* is divided into 
100 parts ; and, as oiu? r(^v()lution of tluj head corresponds to 
ifco thn^ads of the screw, a single division is equivalent to 
■OOOolO 1, or the TcVolh of an inch lu^arly. The micrometer 
head has been carefully adjusted by the artist, so that The 
index is at zero, when the intcn al of the wires is efcictly half 
an inch. • • * 

Tlie collimaior, in this instriimcitt, is enclosed in a light 
tube attached to the stirrup. Tlie aperture of the lens is 
about Tw^hs of an inch, and its focal length about 8 inches. 
The divisions of tin? scale are the same as in the collimator 
of the declination magnetometer; the (Mmesponding arc values 
have been ascertained i‘or each instrument by accurate expe- 
riment, and are given in Table II. 

The larger parts of this apparatus, — the box, the framework, 
and the support, — are precisely similar to tlmse ol’ thi^ declina- 
tion luaguetoiiii'ter. hi addition to the parts already described, 
the instrument is luriiished with a sparcj magnet ; a brass 
weight, required in determining the jdane of dotorsion of the 
wires relatividy to the magiietic mcihlian ; a thermometer, the 
bulb of which is within the box, for the purpost^ of asceilain- 
ing the interior teniperatuve ; and a copper ring used in 
checking the vibrations. 

Adjustmoids, — The instrument being placed on its support, 
the base is to be levidlecl, and the whole ap])aratns fixed. 
Having tlum select(»d one of the surill grooved wheels, and 
lixed it, temponnfly, with its axis horiz^nfol, the wire is to 
1)0 ])assed round it ; and the free extremities of llu Avire being 
passed through the covrt'sponding holes in the .sqs))ensi<ni 
roller, placed beneath, weights are to Ijc attached, and the 
two portions of the wire alloived to assume their natural posi- 
tion ; the extremities may then be fastened to the roller, by 
introducing small wooden plugs in the holes. The parts are 
then to be inverted, and put in their proper ])laccs ; the sus- 
peiisioii apparatus resting on the divi(lcd circle, and the wire 
hanging doAvii the tube. 

The collimator (its scale having hecn previously adjusted 
to tocus^) is to be screwed on to the stiniip, and the latter 
attached to the axis of the grooved wheel by means of its 
Y’s. The magnet is then mtroduced into the stirrup and 


+ This adjustment has been already made by the artist. 
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levelled"; aiid the wires wound upon the roller, until the colli- 
mator is at the desired height. > 

^These preparations being made, the adjustments are tlie 
following : * 

1, Determine experimentally the angle through which it is 
necessary to turn the moveable arm of„the torsion circle, in 
order to deflect the magnet iirom* the magnetic meridian to a 
position at right angles to it, the two positions being merely 
estifnated. The cosine of this angle is, approximately, the 
ratio of the magnetic force to the torsion force, or the value 


of the fraction-— . 


The nearer this ratio is to unity, the 


more delicate will be the instrument ; practically, will be 
found a convisnient value, df, on making the foregoing 
experiment, the ratio should be found to tkll below, or to 
exceed the proper limits, the torson force must be altered by 
introducing a different wheel, and making the corresponding 
alteration in the interval of the upper extremities of the 
wires. 

2. The magnetic axis being brought, approximately, into 
the magnetic meridian, by turning the moveable arm of the 
torsion circle, the collimator is to be turned, by its independent 
motion, until some point about the middle of the scale coin- 
cides with the vertical wire of the fixed telescope. This point 
of the scale is to be noted in the usual manner. 

3. The magnet is then to be removed, and the brrss weight 
attached. Note the new point of the scale which coincides 
with the wire of the telescope. Then, if the magnet had been 
placed (in the previous experiment) in its direct position (i. e. 
north to north) the^e^or of the plane of detorsion is 


V being the difference of the two readings, converted into 
angular measure. If, on the other hand, the magnet had been 
reversed (i. e. north end to south) the error is 

The moveable arm of the torsion circle is then to be turned 
through diis angle, in the opposite direction ^ and the mag- 
netic axis will be in the magn^c meridian. 

* The difference of the two readings, corresponding to a 
given error, being much greater in the reversed than in the 
Vol. I V._No. 24, ApHl, 1840. 1 1 
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direct position of the magnet, it follows that the former 
affords a much more delicate method of making the desired 
adjustment. " 

4. The brass weight remaining attached, tunf the moveable 
arm of the torsion circle through 00°. ITien turn back the 
collimator, until some point .about the middle of the scale 
coincides with tho verticlc wire of the fixed telescope ; and 
note the reading. 

6. Now remove the brass weight, and replace tlic magnet. 
The magnetic force of the earth will bring it back tojvards the 
magnetic meridian, and the scale will be thrown out of the 
field of the telescope. Then turn' the moveable arm of the 
torsion circle until the jioint of the scale last noted is brought 
to coincide again >vith the wire of the telescope ; the magnetic 
axis is then in tlie plane perpendicular to the magnetic meri- 
dian, and the adjustment is complete. 

Obserrafions. — Tlie observations to be made with this 
instrument arc those of the absolute value of the horizontal 
intensily^ and its changes. 

From the explanation of the principle of the instniment, 
given above, it is manifest that it will serve to determine the 
moment of the force exerted by the earth upon the free 
magnetism of the suspended bar. Let X denote (as before) 
the horizontal part of the earth’s magnetic force; m the 
moment of free magnetism of the bar ; then 

M X = F, 

F having the same meaning as before (ptige 230.) Hence, 
substituting the values of F and O,, we have 

fnX=w — sinv; 

I 

* ^ 
in which equation all the quantities of the second jnember 
may be obtained by direct measurement. The chief difficulty 
in this method consists in the determination of the quantity 
which should be known to a very small fractional part of its 
actual value. This difficulty has been overcome by the measur- 
ing apparatus connected with the suspension, which (as has 
been already stated) ser\ es to determine the interval of the 
wires, at their upper extremity, to the TTsViyth of an inch. The 
numbers given in Table III. for tho lower interval, may be 
relied on to the same degree of accuracy. It is scarcely 
necessary to mention that tlie length of the wires, Z, is to be 
measured between the points qf contact above and below. * 

Tho product of the earth’s magnetic force into the magnetic ^ 
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moment ot the bar being tlnis known, the ratio of thr same 
quantities is to be determined by removing the b^r from the 
t^irrup, and using it to e/^eet the suspended bar of iho 
declination instrument, according to the known method 
devised by Omiss. Tlie experiments of deflection may, 
however, be performed without the aid of the second tnagne- 
tometer, by operating upon another bar placed in the reverse 
position* This method has even the advantage in point of 
delicacy ; but \t labours under the disadvantage of requiring 
that the vtJue of p 

* TV* should be determined for the second bar. 

The chief use of this apparatus is in observing the variations 
of the intensity. In these observations it is only necessary to 
note, at any moment, the point of the scale coinciding with 
the vertical wire of the fixed telescope, the mode of obserrfng 
being precisely tli^saine as in the other instrument. Let n be 
tlic number of divisions, and parts of 'la division, by whicli 
the reading at any moment differs from its mean value; tJien 
the corresponding variation of the angle (in parts of radius) is 

d n = n a ; 

a denoting the Jirc value (in parts of radius) coiTOsponding to 
a single division* Substituting this in the formula of page 
459, we have 


d F 

_ - = n a cotan v=k n ; 
F 


k being the value of the oenstant co-efficient a cotan The 
values of a have bgen dotv^nnined lor each of the instruments, 
and are g’>en in Table If. 

The quantity F. in the preceding fonnula, is the product of 
the earth’s magnetic force into the moment of free magnetism 
of the'bar ; and as the latter quantity varies with the tempe- 
rature, it is necessaiy to apply a correeftion, before we can 
infer the true changes of the earth’s force. This correction 
is easily deduced. Since F = X w, there is 


dV dm 



so that the correction to be applied, in order to deduce the 

value of X . dm t ^ x 

— IS , Let t denote the temperature, m 

iLm 
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degrees of Fahrenheit ; q the relative change of ttfe magnetic 
moment corresponding to one degree ; then 


d m 

= 5r(^_32). c 

* w 


Accordingly, the changes of die earth's force will be exjiressed 
by the formula ^ < 


rfX 

— ==! ^ (#--32). 
X f 


It is not necessary that these reductions should be applied to 
the individual results,, except in cases of marked change, 
where it is desired to trace the progress of the actual phenome- 
na. The results should be recorded they arc observed, 
in parts of the scales and the reductions made in tlie montlily, 
or other mean values. 


Table II. contains the arc values of one division of the 
scale, in each instrument, expressed in decimals of a minute ; 
as also the same quantities reduced to radius^ as the unit by 
multiplying by the number *0002909. 

Table 111. contains the intervals of the axis of the wires 
corresponding to each wheel, in decimals of an inch; 
the wire used being that designated in commerce as “ silver 
fine 6.” 


Table II. 


No. 'of 
Instrument. 

Observatory. 

Arc values of one division. | 

In Minutes. | 

In parts of Radius. 

I. 

H.M.S. Erebus .... 


•0003127 

II. 

V anDiemen'sLand 

■ItM 

•0003142 

III. * 

Montreal 

■EH 

•0003124 

IV. 

Cape of GoodHopc 

1084 

*0003153 

V. 

St. Helena 

1080 

*0003142 
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Table III. 


t 

No. of 
Whed. 

•I. 

Il.A&S. 

Erebus. 

II. 

Van Diemen’s 
Land. 

III. 

Montreal 

IV. 

Cape of Good 
Hope. 

V. 

St. Helena. 

1 

•2536 

•2649 

•2529 


•2536 

• 2 

•3l>32 

•3058 

•3055 



3 

’ -3529 

•3516 

•3529 


•3513 

4 • 

•4058 

•4088 1 

•4078 

•4052 

•4071 

5 

•4562 

•4655 

•4581 

•4555 

‘4545 

C 

•5055 

•5071 

•5042 

•5055 


7 

•5555 

•5604 

•5589 

•5565 

•5591 

8 

■6071 

•6071 

•6071 

•6097 

•6081 


Vertical Force Magnetometer. 


The instrument used in determining the changes of the verti- 
cal component of the magnetic force is a magnetic needle 
resting on agate planes, by kniie edges, and brought to the 
horizontal position by weights. From the changes of position 
of such a needle, the changes of the vertical force may be 
inferred, when we know the mean inclination at the place of 
observation, the azimuth of the plane in which the needle 
moves, and the angle which the line connecting thij centre of 
gravity and centre of motion makes with the magnetic axis. 
As, however, the determination of this latter constant would 
involve the necessity of considerable additions to the appara- 
tus, the plan adopted has been to adjust the needle so that the 
angle in question sliall be nothing. The centre of gravity 
being thus brought to some point of the magnetic axis, the 
changes of the vertical force are connected with the changes of 
the pol^ition of the needle by the formula. 


£F 

F 


cos a . cotan . 0 d S 




d S denoting the change of angle in parts of radius, a the 
azimuth of the plane in which the needle moves, and Q the 
inclination. 

Constrtiction . — The magnetic needle is 12 inches in length. 
It has a cross pf wires at each extremity, attached by means 
of a small ring of copper ; the interval of the crosses l)eing 
13 inches. axis of the needle is formed at one part into 
a knife edge^ and at the opposite into a portion of a cylinder j 
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having this edge for its axis^ the edge being adjusted to pass 
as neai’ly, as possible through the centre of gra\dty of tlic 
unloaded instrument. The weights by which the other 
adjustments are effected are small brass screws moving in fixed 
nuts, one on each arm ; the axis of one of* the screws being 
parallel to the magnetic axis of the needle, and that of the 
other perjiendieular to it. 

The agate planes upon which the needle rests arc attached 
to a solid support of copper, which is firm!/ fixed to a mas- 
sive marble base. In this support there is a provision for 
raising the needle off the planes, the contrivance ftff effecting 
this object being similar to that employed in the inclination 
instrument. The whole is covered with an oblong box of 
mahogany, in oi\e side of which are two small glazed aper- 
tures, for the purpose of reading; the opposite side of 
the box is covered with plate glass. A thermometer, ^within 
the box, shows the temperature of the interior air \ and a 
spirit level, attached to the marble base, serves to indicate 
any change of level which may occur in the instrument- 

The position of the needle at any instant is observed by 
means of two micrometer microscopes, one opposite each end. 
These miscroscopes are supported on short pillars of copper, 
attached to the base of the instrument# They are so adjus- 
ted that one complete revolution of the micrometer screw 
corresponds to 5 minutes of arc. ^’'ho micrometer head is 
divided into 50 parts ; and, consequently, the arc correspon- 
ding to single division is 0*'l. 

In addition to these parts, the apparatus is provided with a 
brass bar of the same length as the magnet, (furnished like it 
with cross wires at the extremities, and knife-edge bearings,) 
for the purpose of determining the zerOi,points of the micro- 
meters; a brass scale, divided to 10', used in adjusting the 
value of their divisions ; and a horizontal needle, Jp be em- 
ployed in determining the azimuth of the vertical plane in 
which the needle moves. 

Adjustments following are the adjustments required 
in this instrument : 

1. The instrument being placed on its support, in a suita- 
ble position with respect to the other two instruments, the 
azimuth of the plane in whichjthc needle is to move may Jie adj us- 
ted in the following manner. The plane is made to coincide, 
in the first instance, with the magnetic meridian, by means of 
the horizontal needle which moves upon a pivot fixed to the 
top of the scale. A small theodolite for other instrument for 
measuring horizontal angles) is then placed on the base ; and 
its telescope brought to bear on a distant mark. The teles- 



Exjyerlitiofi to the Antarctic JRegions. 467 

% 

cope should then be moved through a horizontal angle equal 
to the intended azimuth of the instrument, but in an" opposite 
direction. The base of the instrument is next to be turned, 
without disturlfin^ the theodolite, until the mark is again 
bisected by the wires of the telescope: it is then in the 
required azimuth. The base should then be levelled, and 
permanently fixed. . 

2^ The microscopes should now be adjusted, I. to bring 
the image of the cross wires of the needle to coincide with 
the wirco*of the microscopes; and 2. to make the arc 
value of the interval of tlfe wires* corresponding to one revo- 
lution of the micrometer head, exactly equal to five minutes*. 
These arrangements have been nearly eflTectefl in the first 
construction of the instrument ; for the pufpose of comple- 
ting the adjustment, the microscopes are capable of a double 
motior^ one of the entire body of the instrument, and the 
other of the object glass alone. It is manifest that these two 
movements are suificient to effect both adjustments. The 
former is attained when the crossof wires is seen distinctly (and 
without parallax) at the same time that the microscope wires 
are exactly in the focus of the eye-piece ; the latter is accom- 
plished w hen the moveable wire of the microscope is made to 
pass over a given number of divisions of the scale, by double 
the number of complete revolutions of the micrometer head. 

3. The fixed wires of the microscopes are then to be adjus- 
ted to the same horizontal line. This is effected by means of 
the brass needle. This needle being placed upon the agate 
planes, by its knife edges, and allowed to come to rest, it is 
manifest that the line joining the cross wires will be horizon- 
tal, provided it be perpendicular to the line joining the centre 
of gravity and the altis. To effect this latter adjustment, the 
needle (a great part of whose weight is disposed below the 
knife edge) is furnished also with a small moveable weight. 
The test of the adjustment is similar to that of the correspon- 
ding adjustment of the ordinary balance. The moveable 
wire of one of the microscopes being brt)ught to bisect the 
cross, if the adjustment is complete, it will bisect the cross 
at the other extremity upon reversal ; if not, the' position of 
the needle will indicate in what manner the weight is to be 
moved. 


*1 


* This adjustment is by no meaiis a necessary one. It is sufficient for all 
purposes if the arc value corresponding to one revolution of the micrometer 
be accurately known. 
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A horizontal line being thus obtained, the fixed wires of 
the microficopes are to be adjusted to it, by moving the cap- 
stan-headed screws with which they are connected. 

4. The last adjustment is that of the magnetic needle 
itself. This adjustment is twofold : 1. of tRe needle to the 
horizontal position ; and 2. of the centre of gravity of the 
needle to the magnetic axis. To effect this double adjust- 
ment the needle is furnished with two moving /^eights, one on 
each arm. These weights (it has been already stated) ^are 
screws moving in fixed nuts, one in a direction parallel to the 
magnetic axis of the needle,* and the other in a direction at 
riglit angles to it. By the movemenf of the former the needle 
is brought to* the horizontal position ; and by that of the 
latter, the centre of gravity is made to coincide with the mag- 
netic axis. The latter part of the adjustment; is tested by 
inverting the needle on its supports ; the inclination of the 
needle should not he altered by this inversion when the 
adjustment is complete. 

Observations , — In observing the variations of the vertical 
force with this instrument, it is only necessary to bring the 
moveable wire of each micrometer to bisect the opposite cross 
of the needle ; unless in seasons of disturbance, the needle 
will be found at each instant to have assumed its position of 
equilibrium. The interval between the fixed and moveable 
wires, expressed in angular measure, is the deviation of the 
needle of the horizontal position; and the changes of the 
vertical f6rce are thence obtained by multiplying by a con- 
stant coefficient. 

If n denote the number of minutes, and parts of a minute, 
in the observed angle of deviation, the changes of the force 
are expressed (as m the case of the otho. component) by the 
formula. ^ 


dY 


k n\ 


in which the constant coefficient is 


k = cos a contan d sin 1'. 

The quantity F in the preceding formyla is the product of the 
vertical component of the earth’s magnetic force multiplied 
by the moment of free magnetism of the needle ; or 

F = w Y. 

Accordingly the results thus deduced require a correction for 
the effects of temperature upon the quantity m. This correc- 
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twn is slmilsir to that applied to the Uorizont^il intensity ; and 
the corrected expression of the changes of the vertical com- 
ponent is accordingly 

■ ' iy^hu+qa—5^)'. 

where t denotes the actual tempiTature* (in degrees': of Fah- 
renheit) at^the time of observation, and q the relative: ehange 
ofj the magnetic? inomont of the needle (*v)i\’espon(ling to one 
decree.’ As in the case of the other instruments, however, 
it is not ill general nccessjcry those redu(*tioiis to the 

individual results. ' i 

Times of OnsniiVATioK. 

The objects' of inquiry in terrestrial magnetism may be 
naturally classed under two heads, a<‘(‘or(ling as they relate, 
1. to the absolute values of the magnetic elt inciils at a given 
epoch, or their mean values for a given periofi ; or 2. to the 
variations which these elements inulergo from one epoch to 
another. It will he convenient to (‘on^ider* separately the 
observations relating to these two hraiiclK’.s of the subject. 

A BSOLUTK J')ETKn-MJ NATION’S. 

By the method of observation which has been suggested 
for the absolute tkcHualion^ every determination of tin* posi- 
tion of the declination bar is rendered absrdntc. Wo have 
only to consider the varying angle Ix'twcfm the magnetic axis 
of the bar and the line of colliination of the fixed telescope, 
as a correction to be apjdicd to the constant angle (alreaily 
determined^ betwec?a the latter line and tlie meridian. It is 
manifest that if the Jljcitq of the line of eollimation-of the 
telescope could be depended on, a single determination of the 
latter angle would be suflieient. But tliis is not to be trust- 
ed for any considerable period; and it ’.ill bo therefore 
necessary, from time to time, to refer the line of eolliinulion 
of the telescope to the meridian, by means of the transit 
instrument. This observation may be rejieated ante a mouthy 
or more frequently if any change in the position of tlic tele- 
scope be suspected. 

In the case of the intensity^ there is another source of error, 
(besides that clue to a change in the position of the instru* 
monts) which can only be guarded against by a repetition of 
absolute measurements. The riagnctic moment of the mag- 
net itself may alter ; and the observations of intciisitv ebaiiges 
VoL. IV.— No. 24, April, I84a. K k 
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afford no means of separating this portion of the feffect from 
that due to a change in the earth’s magnetism. This separa- 
tion can only be effected by means analogous to tho^o 
employed in the determination of the absolute value of the ' 
horizontal intensity; and accordingly one or other (or 
both) of the method^ proposed for this determination should 
be occasionally resorted to. It is desirable that this obserya-* 
tion should be repeated once in every month ; and tiU)re 
frequently, whenever the changes observed i^th the liorieop- 
tal force magnetometer indicate, by their proyresstve 
character, a change in tlx) magnetic moment of* the sus- 
pended bar. • 

It would bo easy, in theory, to devise a method by* which 
the vertical force magnetometer miglit be made to serve in 
determining tlie absolute value of the vertical intensity. The 
means which at present offer themselves appear, however, to 
be surrounded with practical difficulties ; and it seems safer to 
deduce this result indirectly. From the formula given in 
page 452, we have 

Y ~ X tan 0 ; 

so that if the inernutiion d he hnown, and the horizontal 
intensity X dctcrmiiuxl in absolute measure, the v<alical inten- 
sity Y is infm-red. 

For the ]jur])()se of observing the element 0, eacli observa- 
tory is iiirnislied with an iiielinatioii instniment, tlie circle of 
which is^J)^- inches in diameter. Tlio observation should be 
made in an ojien spare, vSidncientU remote from tlni magnets 
of the ()bs(;r\atory, and from other disturbing influences ; and 
a series of measures should be taken sinttfllanroffsly with the 
two intensity ma;^netonieters, for tln^ jairpose of (hminating 
the chftnyes of ihr inelinatiou whiclnn.fi" occur iji tlic course 
of the observation. As to the mode of observation, the best 
seems to be the usual oiKi, the plane of tlie circle coinciding 
with the magnetic inoridian ; but for the purpose of tenting the 
axles of the needles, and the divided limb of the instrument, 
it is desirable that some obsenations should be made in 
rarions azinitiths^ — for example, every of the azimuth 
circle comiiiencing wdth the magnetic meridian. The inclina- 
tion is then inferred, from each pair of con’csponding results, 
by the formula 

cotan- 0 = cotan"^ ? + cotan- ; 

f and r being the observed angles of inclination in two jdanes 
at right angles to one another. Where the inclination is great 
(as at Montreal,) this method will serve to test only a limited 
portion of the circumference of the axle and limb. In this 
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case tlic best course appears to bo that pointed out by Major 
SSsbine,^ namely, to convert one of the net^dles, tewi])oravily, 
a ueedlc on Mayer’s prmci})le, by loading it with sealing- 
."•■Wx; and to ^leducc the inclination, from the angles of 
^ position of the lotided needle, by tlie known foniuda of MuyiT. 
The observations here suggested haviitg been very carefully 
made, aqd the inclination changes eliminated in the manner 
above explained, the observed dilfereiKie between the mean 
, and"T;hc result bbtained in the magnefic meridian^ should be 
applied as correction for the errors of axle and limb to all 
future observations made in the rAeridian. 

* These observations shotild be made at the same periods as 
. those’ of "the absolute horizontal intensity, 

'Variation op the EiiKMENTs. 

The variations of the magnetic elements are, 1. Those 
variations whose amount is a function of the hour angle of the 
snn, or of his longitude ; and which return to their original 
values at the same hour in su(*(‘.es.si\c days, or the same 
season in successive years. Those, from their analogy to the 
ooiTcsponding planetary ine(|ualitie8, may ho denominated 
periodical, 2. The variations, whieli arc either, continually 
progressive, or else return to their former values in long and 
unknown periods ; these may in like manner he denominated 
secular, 3. 'riio irregular variations, whose amount changes 
from one moment to another, and which observe (ajxparently) 
no law'. 

The periodical variations (xvith the exception of those of 
the declination) have hitherto been little studied ; and, even 
in the case of tlie sjyglc element just mentioned, the rcsultvS 
have scarcely gone beyond a general indication of the hours 
of maxima and minima, and of the changes of their amount 
with the season. The subject is ncvcrtlieless of the highest 
importance in a theoretical point of view'. The phenomena 
depend, it is manifest, on the action of sol&r heat, operating 
probably through the medium of thermo-electric currents 
induced on the earth’s surface. Beyond this rude guess, 
however, nothing is as yet known of the physical cause. It 
is even still a matter of speculation whether the solar influ- 
ence be a principal, or only a subordinate cause, in the 
phenomena of terrestrial magnetism. In the former case, the 
periodical changes are to be regarded as the effect only of the 


• Reports of the British Association, vol. vii. p. 0i3. 



472 


Inslriiciiuns for thn Scientific 


variatwm of that infliionce; in the latter, they must be 
considered as its entire resuk, the action in this case only 
serving to modify the phenomena due to some more pote^it 
cause. It may he fairly liopcd that a diligent study of this 
class of phenomena will not only illustrate this and other 
doubtful points in the physical foundation of the science; but 
also, whenever tliat cause shall come to be fully 

known, and be made the basis of a mathematical tlieory, the 
results obtained will serve to give to tlic latter a numerical 
expression, and to te^it its truth. Even the knbjjdedgc of 
the empirical laws of the hourly and monthly iluctuations 
must prove a considerable ac'cessidfi to st icnce ; and (as one 
of its more o!)vious ap»)lirations) will enable the observer to 
reduce Ins resuhs, as hvi* as this class of changes is con- 
cerneil, to Liieir wfunt values. 

h'or the comph'le detenuination of the hourly and monthly 
changes of tlie inagnetic clcMuents, a persevering and laboiiri- 
ous system oi ohser\ation is recpiisite. Tlic irretjular changes 
arc so frc(|uenl, and often so (‘onsidcrable, as (partially at 
least) to mark the regular; and the observations must be; 
long continued at the same hours, before we can he assured 
that the irregularities do not sensildy affect the mean results. 
Again, in a thoor(;ticHl p.oint of aIcw, the nocturnal branch 
of the cAirvess by which tlie periodical changes are represented 
is (juite as important as the diurnal ; ami it is manifest that 
nothing can be done towards its determination without the 
co-operation of a number of observers. At eacli of the 
observatories about to he founded by the liberality of Her 
iMajcsty’s (lovcvumeut, there will be three assistant observers 
placed under the command of the director; and it is intended 
thiit tlic obscrviitiiJns shall he taken everj two hours through- 
(uit the twenty-four, lu order that this series of observations, 
which is e-peeially dv'Stiiied for the determiiiatioa of the 
periodical changes, may at the same time cast so^e light 
upon the irreguhy movements, it is proposed that they shall 
he simultaneous at all the observatories. The hours which 
have been agreed upon are the even hours (0, 2, 4, 6, &c.) 
GoUinfjenmuan linu% It is likewise intended that one ob- 
servation of the twelve shall be a triple observation, the 
position of the magnets being noted five minutes before and 
after the regular hour, Tlic time of this triple observation 
will be 2 r.M., Giittingcm mean time. 

The haronieter, and the wet and dry thermometers, will 
be registered at each of tliQ twelve magnetic hours, 
observation will be taken on Sunday. 

No distinct series of observalions is required for the deter- 
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mination of the secular variations. In the case of tlic rfec//- 
nation, the yearly change will be obtained by a comparison 
of the monthly mean results (For the same month and same 
hour ) in succc^ssive years. The observations of two y(?ars 
only will thus furnish 144 separate results, from whicli both 
the periodical and the irregular changes are eliminated ; so 
that great precision may be expected in the final result, not- 
withstanding the limited period of observation. I'he same 
mode of reduction will apply to the two components of the 
inlcnsitg^ provided that no change shall have taken [)laco in 
the magnetic moment of *thc bars employed. In the latter 
event, recourse must beltad to the absolute det(‘rminations 
for a knowledge of the secular changes. 

The subject of the irregular movements' has ac(|uircd a 
prominent, and almost absorbing interi'st, from the recent 
discoveries of (laiiss. It has been ascertained that the 
resultant direction of the for(*es, by which the horizontal 
needle is actuated at a given place, is invessauflg varyiiig, tlic 
oscillalioiKs being sometimes small, sometimes very considera- 
ble: — that similar fluctuations occur at the most dislant [)arts 
of the earth's surface, at \^hieh corresfionding observations 
have been as yet tnade -and that the instant of tlu^ir occur- 
rence is the same every where. The intensity of the 
horizontal force has been found subject U) analogous per- 
lurbatioiis. 

For the full elucidation of the laws of these most Intorcsting 
phenomena, it is of the first importance that the stations of 
observation should he separated as w idoly as possible over the 
earth's surface, and that their positions should be chosen near 
the points of maxima mid minima of the magncti(t elements. 
This has been in a grc^. measure aeeomplisliell as regards the ob- 
servatories about to be founded by Her Majesty's (lovernment. 
I'hc stations are wide asunder in geographical position, Kind 
they aro in the neighbourhood of points of prominent interest 
in lefcrciicc to the isodynamic lines. The .results of observa- 
tion at these stations will soon testify whether the shocks to 
which the magnetic needle is subject, are of a local or of a 
universal character as regards the globe ; and in dither event 
we may expect that they wdll furnish information of great value 
(in reference to a physical cause) as to the magnitude of the 
phenomena in different places, and the elements on whicli it 
depends. 

In the observations destined to illustrate these phenomena, 
it is proposed to follow, as nearly as possible, the plan laid 
down by Gauss. One day in each month, namely, the last 
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Saturday^ will be devoted to simultaneous observations on 
this system; the observations commencing at 10 r.M. of 
the preceding eve (Gottingen mean time,) and continuing 
through the 24 hours. • 


LXIX. — On Elcctro-Maynetic Forces. By J.^P. Joule, Esq. 

1. About the commencement of last April, I ftjjide some 
experiments in electro-magiletism, •which 1 had the pleasure 
of communicating to tlie readers Si this excellent work, in 
two letters to the Editor, dated on the 28th of May, and on 
the 10th of Jul;^. I am desirous of making some additional 
observations on that subject, especially as subsequent expe- 
rience has enabled me to place in a more correct view some 
of the effects I the^ witnessed. 

2. I have shown* that^\hcn a current of voltaic-electricity 
is transmitted through the coils of two electro-magnets, their 
mutual attraction is in the ratio of the squares of the quantities 
of electric force : and also that the lifting power of the 
“ horse-shoe” electro-magnet is governed by the same law. 

3. I have recently nnwlc experiments which prove that the 
attraction of the clcctro-niagnct, for a magnet of constant 
force, vaiies in the simple direct ratio of the quantity of 
electricity passing through the coil of the electro-magnet. 
(In order to succeed, it is necessary to guard against the 
effects of induction by a proper arrangement of the apparatus.) 

4. Magnetism appears therefore to be excited in soft iron, 
in the direct ratio of the magnetising electric force; and 
electro-magnetic S-ttraction, as well as vhe attraction of steel 
magnets, may be considered as proportionate tef the product 
of the intensities of each magnet, or, which is ^Jic same 
thing, to the number of lines which may be drawn^between 
the several magiietic particles of the attracting bodies. 

5. This view is illustrated by figs, 1, 2, and 3, Plate XI. 
where the several attractions of the magnetic particles, viz. 1 to 
1, 2 to 1, ilnd 2 to 2 arc represented by the number of lines 
drawn in each instance, 1, 2, and 4. 

(i. I have recently understood, that the Russian philoso- 
phers Jacobi and Lenz, have arrived by their experiments, at 
some of the same conclusions with regard to the laws of 

. I- _ I * - — - - 

• V(A. 4, page 
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electro-magnetic attraction. I have not read their papers, 
but shall he most happy if they shall be found to eonfinu the 
results of my observations. 

7 . Fig. 4, will perhaps illustrate, with a considorahle 
degree of accuravsy, the complex action of the forces which 
constitute the aggregate attraction which exists between two 
magnets, for instance, A. and B. Tlie xnagnotic. particles 
of which six only r/, A, c, </, are drawn, may be C()ncei\ed 
tob^of an indefinitely large number spread throughout the 
region of the “ poles and the several forces are repres(‘nted 
by the straight lines drawn, been those particles. 

8. If this view be corr^^t, it is obvious that the closer the 
approximation of the magnetic particles in each system, the 
greater will be the magnetic attraction ; for -in that (‘ase the 
particle a will *l)Oth be nearer the particle /*, and tlie force 
exerted between them will be in a less ohlicpie direction. 

9. It was in consofiuence of my entertainment of a clifler- 
ent hypothesis, that I was led to imagine that I had detected 
a decrease, of power on increasing the hingth of the electro- 
magnet; in Vol. 4, page and 137, is a comparison of 
the powers of three electro-magnets of the sevei’<d sizes, 
IT TT ' 1 of an inch sejuan*, with those of two whose 
sectional areas were respectively, one ineJi sipiare, and one 
inch by 2 inches. It is probably in a great measure the 
consecjuence of the princ-iplo, (7) that the mean power of the 
latter, was found to be less than that of the former, in the ratio 
of 7000 to 1 064(3; and this observation is furlh(.T- corrobo- 
rated by the fact, that, of the long cloetro-inagnets the less 
powerful has the more extended ‘^polo.” It w^ould, however, 
be a matter of no difficulty to determine the inflence of length 
on magnetic conductvni. 

10. Hence also a correction should be applied to the attrac- 
tions of tjie larger electro-magnets* in order fairly to compare 
their respective powers with those of smaller dimensions. I 
will not’ venture to decide its amount, as that will be entirely 
dependant upon the distances of the polar particles, (7), from 
the ends of the electro-magnets; if J were added to the 
attractions opposed to Nos. 5, they would 1 think, be placed 
in pretty correct comparison with Nos. 1. 

11. These corrections are not however of sufficient amount 
to affect the general conclusion to which I have come, with 
regard to the laws under which magnetic attraction, (as appli- 
cable to the production of motive force,) is developed by 
electricity, viz.: That tite attraction of two electro-magnets 


* Annab Vol. 4, page 133. 
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towards each other^ is in every case represented hy the formula 
M = jK', where iV/, denotes the magnetic attraction^ 
Wi the length of ivire^ a,al E the quantity of electricity 
conveyed by that wire in a given period of time; a forniuLa 
modijied merely by the eftects, of saturation, of the con- 
ducting power of iron, and of the distance of the coils from 
the surface of tlie iron. 

12. I have observed, that magnetic and electro-magnetic 
attraction decreases, in certain cases, in the 'simple ratio of 
the distances, 'rhis was found to be particularly tlie case 
when the magnets were longi, and the distances hotN^een tliem 
small. Mr. Harris lias observed ,the same effect, see his 

I^xperimental Inquiries concerning the laws of Magnetic 
F orces.” It may, he principally accotnited for by the complex 
action previously illustrated. It is impossible. to doubt that 
the law of magnetic attraction is inversely as the sejuaros of 
the distances. 

l.'l. I sliall now in accordance with my promise enter into 
the detail of some experiments with the electro-magnetic 
engine described in the ^‘Annals’’ for October, 1839; and 
first it will be proper to des(*ribc the apparatus I had occasion 
to use. 

14. The galvanometer was constructed on the plan which 
was described in pages, 131 and 132, of the present volume. 
The coil is rectangular, 12 inches long and 0 inches broad ; 
the copper wire is of inch thick, and the length of the 
needle rather less than 4 inches. To make it more exten- 
sively available, 1 have drawn a curve, whose abseissjo arc 
the degrees of the circle, and who^e ordinates are tlie quantity 
numbers corresponding to those degrees, in this way I can 
interpolate to any extent the quantity divisions j)reviously 
obtained by experiment. 

15. 1 recommend this form of the galvanomotcr with great 
confidence, because, 1st, The method of tangents is only 
applicable when the diameter of the coil bears a veiy large 
ratio to the length of the needle, and 2nd, Jlecause you can 
by passing the electric current through 1, 2, 3, 4, &c. coils, 
increase thp delicacy of the instrument accordingly. 

16. I liave principally made use of Wollaston\s 4 inc,h 
doubly coppered batteries, with amalgamated zinc plates, 
and charged with a solution of sulphuric acid. I shall perhaps 
describe at an early opportunity an expeditious and convenient 
method of fitting uj) both this battery, and the admirable 
instrument of Mr. Grove. 

17. lu the buhscquciit experiments, the engine was fitted 
up with, the hard iron, and hard wire, revolving electro- 
magnets. After a few trials with powerful batteries, finding 
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it inpracticable to work with the highest intensity arrange- 
ment, I soldered the ends of the three wires of cjudi eleetro- 
n\iignet together, and united the eoinhined wires in sutli a 
manner, that the electric current passed through 424 yards 
of threefold conducting Avire. 

18. In the tables underneath, the first column indicates 
the quantity of clecfricity; the second, the dilferenccs of 
those quantities; the third, the velocity of the revolving 
elecWo-magnots, in feet, per second; the fonrtli, tlie duty, in 
pounds rallied per second of time, to one foot in height ; and 
the fifth.T;hc duty, in pounds raiso^l to the height of one foot 
by die agency of one poi«id of zinc., 

I!). Ill calculating the amount of duty, I found that in this 
arrangement, 12*4 of clc(ttricity was just suilicicnt to keep 
the machine in motion, when the friction, referred to the 
revolving clcctro-magncts, was ccpial to 10 onnecs avoirdii- 
poisc; the same amount of electricity was, wliatever the velo- 
city, always able to overcome exactly tlie same amount of 
friction; 1 therefore felt justified in making it a basis on which 
to calculate the force due to other (juantitics of electricity. 
The duty in the fifth colurnu is caleiibited on the basis of tlie 
decoTiiposition of water elfectcd by a given (piantity of elec- 
tricity ; I consider it as an approximation to the truth. I 
may just observe that the friction has been altogether neglec- 
ted, and that whenever the motive force was not siiificient, 
mechanical moans were resorted to in order to overcome it; 
this course was adopted, because the friction is not at all 
to be considered as an element in the subsequent obser- 
vations. 

Table 1. 

» 80 pairs of Wollaston’s plates. 

(A mean of 3 trials.) 

Electricity, dif. Velocity. Duty. Economical duty. 

24-6 O.1 0 0 

3 

21-6 2 3*8 21960 

2 

19-6 4 6-25 39740 

1*6 

18-0 6 7'89 54800 

1-5 

16*5 8 8 85 66950 

1*5 

15-0 10 

VoL. IV. — No. 24, i4/9ri7, 1840. 
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76140 
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Table 2. 

40 pairs of Wollaston's plates. 


(A mean of 2 trials.) 


Electricity. 

dif. Velocity. Duty. 

Economical duty 

11-8 




1-6 

t 

10-2 




•8 

V 

9-4 

•8 


8*6 


52320 


•6 


8-0 




Table 3. 

10 pairs of Wollaston's plates. 


5 0 0 0 

•8 


4-2 


o 

....•14 

33300 

3-6 




....•21 

58.300 

t. 

3-3 

•3 



•2(55 


3 

•3 

8 

-292 

97300 


• e , 


Table 4. 

a 

Grove’s battery of 10, 4 inch, plates. 


(Not very efficiently charged.) 


17*6 

• 

14 3 

33 

> • ■ ■ .0 ■ ■ • • 

0 

0 

,, 16'6 

.... 116080 

12-4 

1-9 

1 . .4 ■ • • « 

.. 2-5 

....201600 

110 

1.4 

6 

... 2-95 

.... 268200 

10-3 

•8 

• 

1 . . * .8 • • ■ a 

3-38 

....331400 
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20, I now united the conductors in such a manner, that the 
fluid was divided between each pair of stationary, and revolv- 
ing, electro magnets ; in this case, the electricity passed 
through 212 yards of six-fold wire. 

Table 5. 


A quantity arrangement of two 40 pairs of 
Wollaston’s plates. 


®ectricity. 

dif. Velocity. 

Duty. 

Economical 

52- .... 


• a .0 •■«■••• 



9 

4t 


43 


..3-76 .. 

21800 

33 

5 

4.... 

.. 5-87..., 


r 

34-8 .... 

3-2 

6 

,. 7-38 .... 

53100 

32-2 .... 

2*6 

8 

.. 8 42...! 


23-8 

2-4 

10.,.. 

..9*02.... 

75700 

Table 0. 

A nuantitv arransement of two 

20 pairs of 

28-2 

Wollaston’s plates. 
0 0 

0 

23-2 

5 

2 ... 

*>.r. 

...1-1 


20-7 

4 ... 

...1-74.... 

42000 

19-0 

1-7 . 

• • • • ■ • tnl • • • . . • .6 

..,2*205 . 


<1 

n;6 

1-4 

• a « • • . • ■ t • • • • • .8 

...2-52.... 

71600 


Table 7. 

A quantity arrangement of two TO pairs of 
Wollaston’s plates. 


16*8.... 

3 

0 . 

. * a . .0 » a ■ • a 1 

13*8 

1-6 

2... 

-387 

12-2 


4,, 



1*2 



ll.O.... 


. £ 
>•»•••• V ••• 

*738 


1-0 



10-0 



-813 


• 0 
28000 
49600 
67100 


81300 
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21 . The above examples will show pretty clearly the effects 
of magnetic electriciil resistance. This resistance is the 
prime obstacle to the perfection of the elcctro-magnetic 
engine, and in proportion as it is overcome, in«thc saine pro- 
portion will the motive force increase ; this ought tliercfore to 
claim our first altentiop. 

22. On comparing the differences with the velocilics and 

eleclricilies in cadi table, the general eonclusi<^i is, that the 
magnetic electrical intensity is directly proportional tisdhe 
velocity^ multiplied by the magnetism^ or, which ia^the same 
thing, by the electricity which induces that magnctisifl. It is 
the latter part of this law, which makes the differences de- 
crease generally, (and as accurately as the nature of the mani- 
pulations can load one to expect,) in the same ratio with the 
electricities oj)pobcd to tl.em. It is necessary t® observe that 
the first difference^ or that which exists beteen 0, and 2, 
velocities^ neglected, as that is much aiiginentecl by 

the slightest ^accuracy of the commutator. 

23. It appears moreover, that this law is entirely unaffected 
by the diminution or increase of battery intensity; for on 
comparing the tables of either system together, it will be seen 
that in all cases the differences arc about oue-tenth of the 
electricities opposed to them. 1 wish to call particular attention 
to this circumstance, whidi is owing to the constant resistance 
of the wires, in each separate system. 

24. In the second arrangement the conducting metal was 

half as loug and twice as substantial as it was lu tlie first ; 
hence it is, that half the battery intensity sufiiced to pass 
iwdee the quantity of electricity, and so to produce the same 
motive effect. This is seen on comnaring table 1, with 
table 5. . 

25. Aho, on referring to tables i and 5, it wull b® observed, 
that tlie differences are tw ice as great in the 2nd arrange- 
ment* as in the 1st, w hilst the magnetic force remained very 
nearly the same. To understand the reason of this, it will be 
necessary to observe, 1st; that the magnetic elecLricJil inten- 
sity has nothing whatever to do w^ith the thickness of the 
wire upon wjiich it is induced, but exists simply in the direct 
ratio of the lengthy consequently that the intensity is only one 
half as grrat in the 2nd arrangement, as it is in the 1st ; 
And 2nd, that, as tlie resistance of the wire to the battery 
current, in tlie 2nd arrangement, is only one quarter of 
that in the 1st, the same additional, or extraneous, resistance 
will produce four times the effect in the former, as in the lat- 
ter instance. Hence by compounding these two effects, wc 
have the differences of electricity, due to a given increment of 
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velocity, and the same amount of magnetism, twice as 
in the 2nd, as in the 1st arrangement. 

26. If the intensity of the voltaic battery do not increase 
in a less ratio than that of the yumber of its pairs, there will 
theoretically, b(V no variation in economy, whali^vcr the ar- 
rangement of the whole conducting mytal, or whatever the 
size of the battery. For, if the battery be doii])le(l in inten- 
sity, it must in that case consist of twice the number of pairs, 
whisyh will cause twice the quantity of elc(‘tri(*ity to pass, ami 
hence foul times the weight of battery materials will be con- 
sumed, while the force o£ the c^igine is also increased four 
times, according to the Sf<juare of the electricity. See the 
economical duty in the tables 1, 2, 5, and 6. 

27. 'riie following are three resources ou which to rclv, in 
order, to obtam economical power; 1st, the inercase of the 
quantity of conducting wire, which will produce a variable, 
degree of advantage, for while it dimishes the resistance of 
the w'irc, it produces no cllect upon the* magnetic cU^ctrical 
resistance;* 2iid, the augmentation of the intensify of the 
elementary battery, w'hich will produce an exactly similar 
increase of duty: (compare table 3 with table 4.) 3rd, the 
improiement of the arraTigcmeni of tlie (dectro-inagncts. 
Had 1 placed mine in such a position that the broad edges of 
the poles should have acjtcd on each other, I should doubtless 
have attained a considerable higher amount of duty. 

2S. I must apologize to the reader, that I have uot relieved 
the tedioiisness of this paper, by a single brilliant illustration. 
I have neither propelled vessels, carriages, nor printing 
presses. My object has been, first to discover correct princi- 
ples, and then to suggest their practical developeinent. If I 
have succeeded in some measure in tha first part of that 
object, inv'^lesign has been fully realized. 

Broom Ilill, near Manchester^ 

March 10 th, 1840. 


LXX. Wonderful effects of Voltaic FAectricity in restor- 
ing Animal life when the sensorial powers have entirely 
ceased or in other words, when death in the common accep-^ 
tation of the term has actually occurred. Extracted from 
Mr. W. H. Halse's address to the Newton Society for 
the attainment and diffusion of Knowledge dated March 
3, 1840. 

After describing the benefits obtained by a study of the 
sciences generally, he thus proceeds to show tlie powers of 
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m 

galvanism on the animal body. 

On Tihursday last one of my spaniels whelpjd, having a 
litter of thirteen; six of which I took for my experiments. 
1 drowned three of them in ^old water and kept them im- 
mersed for fifteen minutes, at which time I ''took them from 
the bucket and place/l • them in front of a good fire ; — no 
motion could he perceived in either of them, I then put the 
front legs of one of them in a jar containing a y/arm solution 
of salt and water and its hind legs in a similar jar, in eac4r of 
which was inserted one pole of the galvanic battery ; the 
whole was then placed near the fire^. 

“ The position of the dog being Tri.>w favourable for opera- 
ting on, without the necessity of making any incisions in the 
fiesh, I passed au* very strong shock through its body ; it 
moved its hind legs ; 1 gave it another shock, which caused 

its tail also to move ; I now passed twenty shocks in qiiick 
succession th' ‘ gh it^s body: it moved every limh^ its mouth 
opened and x ^^Jas inclined to believe that lhed6g had actually 
come to life ; but the moment 1 ceased passing the shocks, 
the dog was as motionless as it was previous to my com- 
mencement. Again I continued the shocks and 1 noticed 
that there was more motion in the limbs : — considering that 
in proportion to the return of sensibility, that these shocks 
would be too powerful for it, I decreased the mtensity of 
them and passed many hundreds in rapid succession ; 1 con- 
tinued this for about five minutes — the motion of the limbs 
increasing -as the shocks increased in number — 1 now ceased; 
the dog still moved. — It was restored xd life. — 1 placed it 
on a warm flannel in front of the fire and in a very short time 
it appeared as well as it was previously to its being drowned; 
it crawled on the flannel and made the nojsc peculiar to young 
dogs. 1 now examined the two other dogs w4iich were 
drowmed and taken from the water at the same time l;hat this 
one w'as. — They were both dead — a plain proof that it was 
entirely owing to the galvanic fluid that life was restored, 

‘‘ The other three dogs I drowned in warm water and kept 
them immersed for forty minuteSy at which time all motion 
had ceased ; iwo of them I laid in front of the fire and the 
remaining one I placed in the jars as in the preceding experi- 
ment. 1 now passed a few shocks of weak intensity through 
the body, but no motion was perceptible ; 1 therefore 

increased the intensity of them considerably and gave the 
shocks in quick succession. — Every limb movedylhe belly pro-^ 
traded and again coUapsedy and the head was raised — at this 
period I stopped passing the shocks in order to see if there 
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were any mTotion in the dog when not under the galvanic influ- 
ence ; — there was none ; 1 again proceed with tlie sl^ocks and 
having noticed that the limbs moved more rapidly than before, 

I considered it, necessary to decrease the intensity and in- 
crease the quantity of electric fluid, which I did so much as 
just to be enabled to perceive a slight tremor in the dog; I 
continued in this manner for about five rninutes at which time 
I removed it from the jars and placed it on Hie table — I t was 
— In a quarter of an hour it appeared to bo perfectly 
recovered.* The other two dogs (which were not allowed to 
get cold during the whole of the^ experiment) were now ex- 
amined; no motion whatever could be perceived. I tried the 
the effect of galvanism on one of these ; I was successful. In 
one hour after this I operated on the othei; dog also ; but 
Uwas in vain-^tlicre was 7io vigour remaining in the vital 
powers ; — life had fled. 

“Remarks: — Having stated that I restorer* the dogs to 
life, it will be necessary for me to explain In wh igbt this is 
to be understood. Strictly speaking, life was not extinct in 
either of the dogs previously to my operating, for if it had 
they w'ould certainly have remained dead ; it was merely a 
cessation of the sensorial functions^ whilst there was a degree 
of vigour still ranaining m the vital organs vdiich combined 
with the 7\ervous influence ( orasuhstiiulc for it if youplease ) 
I supplied by the powers of galvanism; were sufficient tore^ 
store these functions to their former state of activity ; 
nevertheless, the dogs were in the common acceptatipn of the 
term — dead ; but n®t properly so, for death cannot be con- 
sidered to have actually arrived until the sensorial, the mus- 
cular and the nervous functions all cease to act— at that 
moment the animal dics^and not before. , We therefore see 
that although the dOgs were not strictly sneaking — dead, 
previous to my operations, yet by the fact of the others being 
dead wlujn the sensorial of those three were restored, it lAust 
be evident that the process of dying had commenced, and 
would have been perfected had not the powers of galvanism 
been resorted to therefore when I say the dog was 
restored to life, 1 must not be considered to mean that 1 
brought the dead to life but rather that 1 arrested the pro- 
cess of dying, by restoring the sensorial functions — which 
functions had before entirely ceased to act. 

“ The nature of the above experiments must he very fami- 
liar to every physiologist, but when we consider the astonish- 
ing powers of galvanisni on the human frame, in supplying 
the nervous fluid (or a substitute for it) and the ignorance of 
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this fact by a large proportion of the medical profession, 
perhaps }. shall be excused for introducing this subject to your 
notice ; and as the apparatus necessary for the purpose, when 
constructed on my principle is quite unexpensive (one guinea, 
see No. 23 of Sturgeon’s Annals of Electritity, Magnetism, 
and Chemistry,) / kppa thete will not be found many medi- 
cal practitioners who will object to add the powers of volla- 
ism to their other modes of resuscitation fromjthe first stage 
of death caused by drowning, or from that caused by sv^ocon 
lion through noxious gases. 

“ 1 have refrained from iEtroducing many technical terms, 
as I wish my subject to be generally understood. It will be 
perceived, that in passing the shocks through the bodies of the 
dogs, no cruelty^w^as practised, for when the powerful shocks 
w'ere passed, they poscssed no feeling whatever, and in pro- 
portion as the sensorial j)ow'crs and consequently the feeling 
returned, the intensity of the shocks were reduced ; and when 
it is also consideredT that the dogs w^oukl have been drowned 
had these experiments not been made, I trust 1 shall not be 
accused of having had recourse to cruel methods, for the 
purpose of putting the powers of the voltaic electricity on the 
animal body, to the test of experiment.” 

WILLIAM H. HALSE. 

Brent, near Ashburton. 


LX XX. *On lAghtning Conductors, ^nd the effects of 
Lightning on Her Majestg's Ship Rodney and certain 
other Ships of the British Savy; being a further exami- 
nation of Mr. Sturgeon’s Memoif on Marine Lightning 
Conductors. By \V. Snow IlARiiiis, Esq. F.fi. S., ^c, 


To the Editors of the Philosophical Magazine Jsjurnal. 

Gentlemen* 

1. In my former communication (L. and E. Phil. Mag. 
vol. xiv. p. 461.) I considered the nature of a well-known 
phenomenon in electricity, termed by Cavallo, Priestley, and 
others the lateral explosion, and shewed that it did not apply 
to the state of a metallic rod in the act of transmitting va- 
nishing electrical accumulation between two opposed electrified 
surfaces, as insisted on by Mr. Sturgeon in a recent number 
of* his Annals of Electricity. • I vill now proceed to examine 
the general character and effect of ordinary electrical dis- 
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charges, whether produced on the great scale of nature, or 
artificially, with a view of further showing, that such lateral 
explosions do not occur at the instant of the passing of a> 
shock of lightning through a metallic conductor, as also with 
a view of meeting certain other objections which have been ad- 
vanced at different times to the use* of lightning rods in 
ships. 

2. I should'iiot have felt myself called upon to notice fur- 
ther TJlr. Sturgeon’s memoir, did I not consider the statements 
it contaii»s, although superficial and inconclusive, likely to mis- 
lead the public upon many^ important points, connected with 
the effectual protection of shipping, against the dc6tru(;tive 
effects of lightning, and convey false views of the nature of 
electrical actipn. Under these impressions I have little 
hesitation in noticing what he has advanced under the fol- 
lowing heads : — 

1st. Examination of the observed (jffects jptoduced on 
shipping by lightning. 

2nd. A comparison of the observed effects of lightning 
and the probable effects w*hich lightning would pro- 
duce by the application of Mr. Harris’s conductors to 
shipping. 

, 3. The first contains an excellent, and I have no doubt, an 
accurate statement, by an intelligent officer of the Rodney, o( 
the destructive effects of lightning lately experienced in that 
ship, together with notices of two cases in which ships fitted 
with my conductors were struck by lightning witliout any 
attendant ill consequence. In the second, it is the author’s 
object to prove, from the effects of lightning in the Rodney, 
tha^ my system is inadmissible ; since the discharge of light- 
nir he observes, which struck the Rodney, ‘‘ would have 
been powft-ful enough to have rendered even the thickest 
part of Mr. Harris’s conductors sufficiently hot to ignite gun- 
powder. 

Considering the boldness of this assertion, and the high 
pretension of the memoir, we should expect, on examining 
the author’s researches, to find him in possession of a copious 
induction of facts from well-authenticated cases of damage by 
lightning on ship-board, illustrating clearly the views he so 
strenuously insists on, — cases in whicji continuous or other 
metallic conductors have been from any cause placed along 
the masts or rigging, and in which the electric agency found 
its way through the hull to the sea. We should further expect 
from him, something like'an examination of the general nature 
and effects of electrical discharges, since it is clear before 
any accurate estimate can be arrived at, of the relative quan- 
Rol. IV.— No. 2^, April, 1840. M m 
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tity of electricity likely to be discharged from a thunder- 
cloudy anfl the probable effects of metallic rods, or other con- 
ductors set up with a view of directing it in any given course, 
such information is quite indispensable. ^ 

4. Now it is to be particularly observed, that Mr. Stur- 
geon’s memoir is really deficient in such information ; a few 
clumsy experimenJLs in illustration of a wcjl-known fact in elec- 
tricity, deceptively associated, by means of a vagtie hypothesis, 
with some of the ordinary effects of lightning, on a shi|r*«o^ 
having any regular conductor, and with some every-Jay phe- 
nomena of the electrical kite, is virtually the amount of all 
that the author has advanced, iindcr the imposing title of 
“ Theoretical and Experimental Researches. 

5. In illustration of the careless way in which he meets 
this question, it may not be out of place to notice the fol- 
lowing specimen of his inductive philosophy, — ^being the 
very outset of the noraparison he has proposed, of the ob- 
served effects of lightning, and the probable effects on mv 
conductors*. 

In the account given of the damage recently sustained by 
H.M. Ship Rodney, it appears, that the shock of lightning 
which shivered the top-gallant-mast, damaged the top-mast, 
&c., &c., fell on a small brass sheave in the truck for signal 
halliards, and slightly fused it. This sheave weighed about 
four ounces ; it was only about an inch and a half diameter, 
hollowed except at the centre and rim, where it was some- 
where Jibbut half an inch in thickness. The lightning also 
fell on the copper funnel for top-gallant rigging, being a hol- 
low cylindar of sixteen inches in length, 10 inches in diame- 
ter, and not quite a quarter of an inch thick. This funnel 
was not anywhere fused. It fell also onf;ither metallic masses, 
such as the iron-bound tie-block, on the top-sail-y^i*#^ &c.,&c., 
the •iron hoops of the masts, &e., on which no calorific effect 
was apparent. 

6. Now we haye here something like evidence what was 
really the actual power of the charge. We see, for example, 
that it did not fuse a copper funnel, 16 inches long, 10 inches 
in diameter, and about s th of an inch thick. In Uie face of 
which fact Mr. Sturgeon insists, that had the charge fallen on 
my conductor, the thickest part of it would have become red- 
hot. His reasoning, in fact, amounts to this ; an explosion 
of lightning having slightly fused a small brass sheave, weigli- 


* Sturgeon's Memoir, sec. 204. 
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ing 4 ounces, and having failed to fuse a short copper funnel, 
therefore had it fallen on a rod of copper of one inch in dia- 
meter, and 200 feet long*, that rod would have been rendered 
red-hot * 

This, it must 6e allowed, is a somewhat amusing kind of 
special pleading, quite unprecedented, k believe, in any paper 
on science. 

7. The autihor wishes to strengthen his deduction, such as 
it adverting in a foot-note to the case of a small brig 
struck bj lightning, in which some part of a chain conductor 
is supposed to have been fused ; how much is not known, *^as 
the lower part fell overboVd.” The statement is given with- 
out any quoted authority, and is altogether deficient in the 
very information most required, viz. the size of the chain, and 
how much of tt teas fused. Let us, however, take it upon 
the author’s own ground, and suppose the conductor to have 
been such as is commonly used in the merjihant service, — that 
is to say, links of iron wire about one-fourth of an inch in 
diameter, united by rings, a kind of conductor very easily dis- 
jointed and fused at the points of junction by lightning; —the 
reasoning then stands thus : because a shock of ligljtning 
fused and disjointed some unknown portion of a lightning 
chain in a merchant brig, therefore the sanui shock, had it 
falkti on a solid copper rod of one inch in diameter and 100 
feet Aong, would have rendered that rod red-hot. 

8. The fallacy and entire worthlessness of siu^h reasoning, 
seems not altogether to have escaped Mr. Sturgeon’s notice, 
as appears by his amplification of the above effects ; thus on 
entering upon the comparison of the effects of lightning, he 
resorts to a sort of wholesale dealing, and leads the reader to 
conclude that the eniii^e sheave in the lUdney and all the 
brigs’ coniliJctor underwent fusion. But even if it were so, 
no such conclusion as that above mentioned is admissible t, 
^specially reference to a continuous and massive conductor 


* This is the equivalent of my conductor on the main-mast of such a ship 
as tlie Rodney, taking it at its least value. 

•{• Were there no other data than those of the fusion of the metallic sheave 
in the Rodney and the fusion of the chain conductor in the brig Jane,” &c-&c. 

“The impressions which these facts convey to the mind are too definite to 
be easily understood ; they clearly imply that either of the discharges which 
struck the Rodney or Jane would haye rendered the thickest part of Mr, 
Harris’s conductors sufficiently hot to ignite gunpowder,” &c. &c.— Stur. 
geon’s Memoir, sec, 204. 
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terminating in a point, and equalizing vi^ith inconceivable ra- 
pidity th^ disturbed electrical state of the sea and clouds. 

9. The manifest deficiency of sound practical information 
in Mr. Sturgeon^s memoir, imposes upon me Ijie necessity of 
adverting to the general character and operation of common 
electrical discharges, whether produced by artificial means or 
oil the great scale of nature. In doing this I have no desire to 
excuse myself, in‘case I should not have writ^n clearly and 
explicitly on the subject, since in no department of phygjcs is 
the field of observation so fertile, and the path of experiment 
so sure and easy. We have before us the experience^)! nearly 
a century, during which time lightping-rocls have been em- 
ployed; a great number of instances have occurred of shocks 
of lightning fallyig on ships under a variety of diflFerent cir- 
cumstances, in some cases where liglitning conductors have 
been present, in others where absent ; in many instances where 
sliips have been near each other and exposed to the*' same 
storm, some having conductors, others not. The general laws 
of the discharge are traceable in them all, and the effects on 
metallic bodies distinctly shown. On the other hand, we can 
on a minor scale, imitate successfully the great operations of 
nature, and examine experimentally every possible contin- 
gency attendant on the operation of a shock of lightning in a 
ship. It is our own fault, therefore, if we do not treat the 
subject scientificalljj, and arrive at complete practical solu- 
tions of such questions as these : Is a lightning conductor 
desirablechi a ship? Will it cause by attraction a shock of 
lightning to fall on a ship when otherwise such would not take 
place ? If so, can it cause damage by its inability to get rid 
of the lightning which falls on it? What is the best form 
and dimensions o{ a lightning conductor for a ship 9 What 
is the greatest probable force of lighbiing to ^^liich it may 
become exposed ? Is it liable to cause damage by any 
lattfral operation of the charge passing through it ? I say, if 
such questions as these cannot now be reasonably determined 
they probably netcr can ; and, therefore, any one who writes 
or reasons obscurely about them, and without due regard to 
a good induction of facts, can have no claim to be considered 
as a sound reasoner in experimental science ; for, as beauti- 
fully observed by Lord Bacon Man, who is the servant of 
nature, can act and understand no further than he has, either 
in operation or in contemplation, observed of the method and 
order of nature.” Under these impressions I proceed to 
examine the general character and effects of electrical dis- 
charges as exhibited artificially, and on the great scale of 
nature. 
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10. Although some theoretical differences may have arisen 
concerning the precise nature of electricity, yet theiollowing 
explanation runs sufficiently parallel with facts to entitle it to 
our confidence,*, and put us in possession of one of the great 
advantages of every theory, viz. a classification and con- 
nexion of observed effects ; the pro^nce^of human knowledge, 
being, as justly observed by a most intellectual and accom- 
plished writei^j, “to observe facts, and 'trace what their 
relati«)p8 

Generai principles : — 

11. Tliere is an invisible agency in the material world inti- 
mately associated with common matter, termed electricity. 

12. Lightning, thunder,’ and a variety of analogous pheno- 
mena of a minor kind, artificially produced,. result from dis- 
charges of this agency between bodies differently affected 
by it. 

13. * In every case of electrical discharge there are two 
surfaces of action ; one existing on some* substance eager to 
throw off redundant electricity, being, according to Dr. 
Franklin, overcharged with it; the other existing in some 
other substance eager to receive electricity, being, according 
to the same philosopher, deficient of it, or undercharged. 

14. Two opposed bodies, when placed in these opposite 

electrical states, have a sort of exclusive action on each other, 
either directly through any intervening substance, whether a 
conductor of the electrical principle or not, or otherwise indi- 
rectly through any lateral circuit. * 

Thus two metallic surfaces A B (fig. 1, plate X.) pasted on 
the opposite sides of a square of glass c rf, have, when the 
square is said to be charged, an exclusive action on each other, 
either through the intervening glass, or otherwise through any 
conductor, ^ o B, connecting them. 

Now we have only to suppose these planes placed further 
impart, as^n fig. 2, to have a discharging conductor, m n] of 
great^or less extent between them, to be greatly increased 
in size, to be separated by air instead of gl£fss, and to consist 
of free vapour or water, and we have a pretty faithful repre- 
sentation of the conditions, under which a discharge of light- 
ning takes place, when passing partly through the air, and 
partly through a discharging conductor, m n, or any other 
body, c dj placed on the plane B.f 


* Abercrombie on the Intellectual Powers. 

s , . 

t The thickness of the intervening air, and the amount of free electricity 
ill the clouds, has led Professor Henry to question in some measure, the 
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15. Any continuous metallic rod or other body, m n, (fig. 
2,) connected with the low<»r plane, must be considered 
merely as a passive way of access for the charge so far as it 
goes; the electrical agency being observed to seize upon* 
substances best adapted ^d in a position to facilitate its pro* 
gress, or otherwise tor fall with destructive effect upon such as 
resist it. 

16. It is easy to perceive here, that the presence of a con- 
ducting rod, m n (fig. 2,) or other conducting J)ody5' has 
nothing whatever to do with the great natural acticin set up 
between the planes A B. ** It is* in fact to be considered 
merely as a point in one of them. The original accumulation 
of ehictricity and subsequent discharge, would necessarily go 
on whether such* a rod were present or not, as is completely 
shown by exj)crience. When present, its operation is confined 
to the transmission, so far as it extends, of that portion .of the 
charge which happens to fall upon it ; and since it is quite 
impossible to avoid the presence of conducting bodies in the 
construction of ships, it is the more important to understand 
clearly in what way damage fay lightning occurs to the general 
mass, and how it may be best avoided. 

17. When discharges of lightning fall upon a ship in the 
way above stated, as being a heterogeneous mass fortuitously 
placed between the charged surfaces A B (fig. 3.), the course 
of the discharge is always determined througli a certain line 
or lines, which upon the whole least resist its progress. The 
interposed air between the ship and the clouds first gives way 
in some particular point, probably the weakest, — suppose at 


P erfect analogy of a <hscliarge of liglitiiiiig, will that of a reydeii jar ; but 
think upon mature coiisuleratioii this circumstance will iiut<be found in any 
way subyersive of the general princij»le. Thus whether electricity be accu- 
inultUed on thick glass or on thin, the result is the same ; it is*merely the 
intensity as indicated by the electrometer which clianges. 

Now the term free electricity, applies to the greater or lesser induence of 
tlie opposed coating in respect of other bodies. In the ease of the opposed 
surfaces of the clouds and earth, all the charge is necessarily free electricity, 
since there exists no other point upon which it can tend to discharge. In 
the same waythe electricity of the jar, when the coatings are very near, is 
nearly all redundant, or free electricity, in respect of tlic artiori between 
them, although latent in respect of other bodies. Hence with a moderate 
accumulation, the electrometer exhibits hut a small intensity, if any. The 
only dittercuee at the time of the discharge, is in the position of the dis- 
charging circuit, which in the case of the clouds and sea, is directly in the 
interval of separation; and as we find the principal of induction always 
active in cases of lightning, the thickness of the strafum has evidently no 
influence on the conditions of the accumulation, especially when we consider 
the great extent of the opposed sdlfaces, which may possibly he 20,000 or 
more square acres. Dr. Faraday has shewn that no distance excludes the 
the inductive action. 
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A, fig. 3 ; — the electrical agency then meeting witli continued 
resistance from the non-conducting particles of air; is often 
turned into a tortuous course. Suppose it arrives in this way 
at some point, in the vicinity of a ship at A, the question 
whether it would strike upon the masj|at y would be determined 
by the resistance in the direction of m y A, as compared 
with that in any other direction w, B; >vliethcr, in fact, 
it would be easier to break down the remaining air in the 
direction M B, or otherwise the air in the direction m y, 
supposing; the ship’s mast to facilitate the progress in that 
direction. 

18. Let the charge liowever strike in flic direction m y, and 
so fall upon the mast, — then in proceeding to its ultimate 
destination, viz. the plane of the sea B, it^ course is still 
determined by the same general principles ; that is to say, it 
seizeSoUpon all those bodies which tend to assist its progress, 
and whi('h at the same time happen to bo placed in (*ortain 
relative positions, and upon no others^ falling with destructive 
effect upon intervening bad conductors, and exhibiting in non- 
conducting intervals all the effects of a powerfid expansive 
fon;o. If wc examine carefully the course of discharges of 
lightning on ships in some hundred instances in which damage 
has ensued, wc shall find this effeiti invariable, 'llic damage 
has always occurred where good coiiduetors cease to be con- 
tinued, and the destructive consequences most apparent are 
those usually produced by expansion. The calorific effects, ex- 
cfipt as depending on this cause, are really inconsiderable ; there 
arc comparatively few instances in which metallic bodies have 
been fused, and no instance in which a holt or chain of any 
considerable magnitude l\as been even much heated. 

The following experimental and natural illastrations of these 
facts will be found conclusive and interesting. 

Exp. L Lay some small detached pieces of leaf-gold i, 
on n piece of paper, as represented in fig. 4 ; pass a 
dense shock of electricity over these, from thg commencement 
at A to the termination at B, so as to destroy the gold ; the 
line which the discharge has taken will be thus shown by the 
blackened parts ; the result will be as in fig. 5, in which wc 

E erceive the course of the discharge has been in the dotted 
ne a, ft, e, fy y. A, /, being the least resisting line ; and it 
is particularly worthy of remark, that not only are the pieces 
Cy ky untouched, being from their positions of no use in facili- 
tating the progress of the charge, but even portions of other 
pieces, which have so operated, are left perfect, as in the 
transverse piece i and portions of a, 6, d, e, and/; so little is 
there any tendency to a lateral discharge, even up to the 
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E oint of {lispersion of the metallic circuit in which the charge 
as proceeded ; indeed, so completely is the effect confined to 
the line of least resistance, that percussion .powder may be 
placed with impunity in the interval between»the portions c, rf. 
r^ow the separate piecdi'of leaf-gold thus placed, may be 
taken to represent (&tacned conducting masses fortuitously 
placed along the mast and hull of a ship. ^ 

Exp. 2. Let a thin continuous line, »i, «, be passed 
through the separated pieces, and a dense accumiriatTbn dis- 
charged over the whole, as vp the proceeding case, fhc effect 
will be as represented in fig. ff. ; tlu^dkchaige will be confined 
to the line of least resistance ; and we may perceive in tliis, as 
in tlje fonuer c^lsc, that those pieces, or parts of pieces, out 
of the track of the discharge, are not afibeted ; thus a part 
only of the piece g is destroyed, also of the piece t, whilst 
other pieces, 6, rf, /, which in the former case, whft’e the 
continuous line, was not present, were blackened by the 

discljargo, remain here perfect. 

Exp. 3. If the continuous line A, B (figs. 7, 8) be assisted 
by other comparatively short collateral branches, as d e, d c, 
having one common connexion at B, then a discharge which 
would destroy the line A, B, will divide upon tliese auxiliary 
lines, and the part d, B will either escape, or the whole will 
suffer together. 

Exp. 4. Pass a discharge over a strip of gold-leaf, as A, 
fig, 2 ; every part of it, as indicated by the last experiment, 
will pailicipate in the shock ; and if it be of nnifonii density 
and tliickness it will be cveiywherc equally affected, so that 
one portion will not be destroyed without the wdiole. This 
result will be readily distinguished from tliat represented at d 
and i, fig. 5, where the masses lie across the track of the 
discharge. 

The diagrams here referred to, are copied from the actual 
effects of the electrical discharge in the way above mc^^JToned. 

19. These experiments are instructive. They evidently 
prove, that an electrical explosion will not leave a good con- 
ductor, constituting an efficient line of action, to fall upon 
bodies out* of that line. Mr. Sturgeon’s assertion that a con- 
ductor on a ship’s mast would operate on the magazine is 
therefore quite unwarranted. Besides, we have many instances 
of the masts having been sliivercd by lightning into the step, 
whilst acting as partial conductors, withouj any such conse- 
quence; as happened in the Mignonne in the West Indies, 
the Thetis at Rio, the London, fjibralter, Goliath, and many 
others. Instead, therefore, of a conductor on the mast being 
dangerous, it is absolutely requisite as a source of safety to the 
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sliip, by confining tlie discharge to a given line and leading 
it to the sea. 

tiO. It was from a careful consideration of the conmiun 
effects of lighthing, and from such experimental facts as tho!>e 
above mentioned, that I was led suggest tin? ])roprioty of 
fitting continuous conductors of H^tniiig of great capacity in 
the masts of ships, jinking them by eificii'ot conninmicatitais, 
togetluu' witfe tin', principal detached metallic bodies in the 
]iul],7:ito, one geneial contiimoiis Mstem, and finally conmjct- 
ing thcwliole with tlie sea. l'hes<; confhxct(»rs consist of two 
laminieof copper-shee^ wiryingTrom oni‘ inch atid a half to 
five inches wide, and bMng together nearly one-fourth of an 
inch thick ; they an‘ inlaid so as to be lair witli the surface of 
the. mast, and form a scTi(\s of shut-joints ; (liey are (Uherwise 
so constrnctecl as to j)r('S(‘nt an uninterrupted line of action 
from, the highest point to tlu' sea. Tlie nn'lLod has been par- 
tially used in the flrilish navy for sev(*ral years, ami has been 
proved in every way e/Iieicnt. In no ease' lias any of the ves- 
sels fitted with tlu'iii rectaved the sliglitest damag<% although 
frcqiK'iitly exposed to severe thundevstonns, and in some 
instances actually stru(*k by heavy discharges similar to that 
which fell on tlie llodiKy iu l)eeenilH‘r, bS;18. 

21, If we eonsidev athaitively the effects of this shock, we 
shall find them in complete accordaiici* with the ])rineipleKjnst 
stalled. I'lie attendant ])henonHma were of tli(^ siuqih'st kind, 
and such as have always oeciuTed in eases of ships siruek by 
lightning not having a continuous eoiuluetor : e. g.'* the elec- 
trical discliarge, in forcing its way between the sea and clouds, 
over resisting intervals, and between discontinuous nu'tallic 
masses, was productive of a violent expansive effect in these 
intervals ; caicsing at^^tln*. same time a considerable evolution 
of heat. There was n^ally nothing particularly remarkabh' 
in thisinstiuice ; the coiuse of the discliargcj was a viay siuqih^ 
aftaii;, being, according to the law of electrical action just 
exeinplified (hixp. 2,) in the line or lines of least resistan(*c 
from the highest point to the sea: thus tlni course of the dis- 
charge was, as represented in fig. 0, plate XI, along the 
masts and rigging, upon the general mass of the hull and sea. 
The vane-spindle a, upon which the, accumulation was first 
concentrated, was of comrse severely dealt with. From this, 
being probably assisted by tlie moisture on the surface of the 
wood, it glanced over the royal pole to the head of the top- 


♦ See a letter in the Annals for January last, by Lieutenant Sullivan, 
R. N., who witnessed these effects. 
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gallant mast at whore it found intermediate metallic assist- 
ance in (Jie copper funnel for the top-gallaiit rigging : from 
this, the resistance in the mass of the wood appears to have 
been less than that on its surface, probably from the long 
interval of air between the fiiunel and conducting bodies about 
tlic (!ap below, tlic njastlli'as therefore sjdit opeil as far as the 
cap at 6\ Here again it was enabled to strilie over the surfac(^ 
of tl)C mast, upoh tlie mcUils about the parrel/)f the top-sail- 
j ardat rf, where the accumulation became again conc^pirated, 
producing a ])owerful ex])ansion and heating efieCt so far as 
the lower cap at e ; and' thus it ])assed along per scitlum over 
the lowxT mast m. from one metallic mass to another, until 
within a striking distance s of the §ea and hull, it divided 
upon the hull aud sea in conveuicut directions s /?, « o, s p. 
Ill this course, as indicated by the waving black line c, 
rf, &c., it e^'idently sought assistance; from all the conducting 
mailer it could se‘iz(* iHiou ; such as the wet ropes, the cojiper 
funnel for toj)“gallant rigging at A, the iron work and other 
bodies about the t()i)mast cap ate, as also the men in the top- 
gallant crosstrecs at t\ The charge evidently divided uj)ou 
them in projiortioii to the assistiinee each could afford as a 
small auxiliary circuit, as Exp. 3 ; the men nearest the mast 
would be iiecessaiily iii the more direct course of the discharge, 
the others would be more or less so according to their respec- 
ti\’e positions ; that these ])oor fellows who w^ere killed suffered 
in this way as being conductors to parts of the charge is 
evident Irom the apjicarance of the bodies. Mr. Sturgeon 
calks especial attention to the circumstance of the men being 
thrown in opposite directions, and tliinks it remarkable : but 
how could it In; othenvise ? the intervening air being caused 
to expand violently from a central *point, would necessarily 
operate as a central force; surely tberc*is nothings v(Ty new in 
this,"'^ About the ])aiTel of the topsail-yard at rf, we, should 
expect again j^ow er effei ts ; for here again die chargt* became? 
concentrated, aud set the sail, &c., on fire. 'Jliis is quile in 
accovdaiiee with itie known law's of electrical action ; thus wc 
find the points of ingress and egv«;ss of an arti/icial charge, 
when caused to fall on a slip of gold-leaf or other matter, are 
always those in which the most powerful effect arises ; and 
when w^e desire to fire inflammable matter by electricity we 
place it directly betwreen detached nu;tallic ])ointS. 

22. 'rhe circumstance of the lightning striking over portions 
of the wet mast without damage, is precisely the same effect as 
observed in certain cases of artificial electrical discharges. 

* ('erlainly nothing new, merely an instance of the effects oi lateral explo- 
ikion of the first kind. Kntx, 
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’^rhus a very slight film of moisture will allow' a jar intensely 
charged to discharge a luminous ball over along strip of glass. 
Dr. Franklin foimd he could destroy a dry rat by an 
electrical shod? ^wben he lailed to hurt a w'et one. If we 
continue to follow the discharge Jiiid simiku: expansive 
and destructive effects ; such as th^bufsting of the hoops on 
the mast, &c., &c., which will sometimes .occur and some- 
times not. ^ 

23r^(rhere is really notliing in all this to call for especial 
remark, except we may observe, as shown by the cxj)eriments 
already described, that if a*good capacious conductor had been 
incorporated Avith the insist from the truck to the metallic 
masses in the hull iiud to the sea, tlicii these expansive and 
destructive effects could not possibly have ocfairred ; since the 
interrupted circuit AA'^ould liavc; been avoided, and tlie intense 
dectrjeal action have vanished, or nearly so, at the mast- 
head, for it Avould have no longer been driv^Mi to fi)rce its way in 
a dense expl<»sive form to the hull and sea ; of tins we haA e the 
most eomidcte evidtjnee from exjxuience, particularly in tlie 
cases of the shi])s struck bv lightning having such condnctoi*s 
as those just alludiMl to, curiously enough (jnoted by Mr. 
Sturgeon as e\i(lence to tlui c<mtraiy. ft seems a stningc* way 
of disproving a Tact to quote tliose Avho, having IxMai eyc- 
Avitnesscs, ijisist upon its truth. Hiat the electric matter 
finally distributed itself u])on the bull as well as on the sea, 
is evident from the circumstance of the casing of Ib'arle’s 
])ump at Avhieh led through the side under Avater being 
shivered ; Irom the vivid electrical sparks beloAv, and from the 
usual smell of siilphm- in the Avell, and appearance of smoke 
iu the orlop-deck. 

24. 'riic iiiteiTuptcd circuit therefore to'be traced here, is 
first Irom tbv. vane-spindle to the co])per funnel of toj^-gallant 
rigging ; 2nd, from this to the conducting bodies at the Jieel 
ofjfhe top-gallant mast; »*3rd, thence to the metallic masses 
about the paiTcl of topsail-yard; 4th, betAveeii this and the 
metallic bodies about the licad of lower mast ; 5th, from this 
over the detached metallic bodies on lower mast; finally, from 
lower mast to the hull and sea. The eilect of* this shock of 
lightning appears to have been somewhat palliated by heavy 
nun. 

Although Mr. Sturgeon has gone far out of his Avay to twist 
these phenomena into an accordance Avith certain theoretical 
views, and sets them up as being of an extraordinary kind, 
they are ncA'crthelcss of a very simple character, and are 
merely illustrative of a few well-kTiowii laws ol‘ electrical 
.action. 


(To be Coiiliuucil ) 



liXXII. Mr. Sturgeons fourth Letter to W* Snow Harris^ 
Esq. on the subject of Marine Lightning Conductors. 

SlK, 

1 had expected that,th4Vury of your wrath against the ex- 
pose, contained in my fourth memoir, of the probable danger 
and unnecessary expense consequent upon your^dan of light- 
ning conductors being established in the royal navy, haejbeen 
totally vented in your first unprecedented volley 6f abuse ; 
but in this expectation, as well as in that of your beiffg a sci- 
entific reasoner, I have been sadly (lisappointed ; for instead 
of keeping “close qufirtcrs,” and observing that strict candour 
which ought to be held sacred in scientific discussion, and 
especially on a topic of such high national importance as that 
of marine lightning conductors, you still keep raving on, as 
if determined, by your coarse bullying language, to crush 
every attempt to scrutinize your plan of conductors, or any 
notice that may be taken of those errors into which you have 
obviously fallen. Such asperous domineering may probably 
be suitable enough in your hands, as it is the principal w eapon 
you employ. But as I am not in possession of any of the kind, 
nor of any desire to shine in a contest of such an ignoble 
character, 1 most willingly acknowledge you as master of that 
part of the field. 

That point settled, I must now solicit your attention to a 
few^ particulars of a somewdiat more important character, and 
first of all to your owm cionfession of your own ignorance of 
certain points of electric action. Occasionally you deny the 
existence of lateral discharges in toto: and, occasionally^ you 
admit some kindii of lateral discharges and deny others. 
Perhaps you will acknowledge that the’^mcre denial of a fact 
is no proof of its non-cxistcnce; and that it may as possibly 
be grounded on the mere ignorance of the party denying it,- 
Moreover, your denying a fact at one time and ackuowdedgmg 
it at another, is no sure indication of your accuracy, in either 
case, emanating from a sound judgment. ^ 

You hava admitted, however, in page 317 of this volume 
that there is such a phenomenon as a lateral explosion^ and 
you have admitted also, that this lateral cxjdosion produces 
mechanical action, hence, you have, indirectly^ admitted all 
that I have advanced concerning lateral discharges of the 
Jirst kind> For, although you seem to have no idea at all of 

• 

• — % 

♦ See paragraph 19;^ of niy fourth Memoir, page 17 1 of this vuhime. 
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an electrical wave, you ought to have known that yueli a wave 
must necessarily be produced by the expansive force of the 
explosion ; and had you been that practical man, that 1 have 
all along expected you wx're, you w oiild^ have known that a 
gold leaf electroscope properly exposed would indicate an 
electrical u?a?;c during the occurrdHccpf a flash of lightning; 
and that a similar wave is produced by artificial discharges. 
Such facts, liowever, appearing to be quite unknown to you 
I shgll not, here, trouble you more about them. 

I caiitrot but admire your mode of attack in tlie foiirfh para- 
graph " of your second production on this troublesome 
memoir of mine. You seem to be labouring under some 
uneasiness about my few clumsy experiments^'* which not- 
withstanding your self-sufficient strong position in tlic scienli- 
fic world, seem, by paragraph 2, to have producetl an 
apprehension that they may possibly open the ejes of those 
whom your elegant experiments before the Navy Hoard, and 
highly scieiiiific illustralions of the ellects of lightning on 
ships’ masts before the liritish Association, the members of 
the United Service museum, and other bodies, have so long 
been blinding. 

Now, it so happens, that those few ^‘clumsy experiments ” 
of mine, ‘^with some every-day phenomena of the elccttrical 
kite,” are the very facts which an inventor of a lightning rod 
ought to be perfectly acquainted with ; and I verily believe 
that, ha<l you been sufficiently familiar with the “ cvery-day 
phenomena,” as you arc pleased to call them, you could 
never have been led to the persuasion that the effects experi- 
enced on board tho Beagle and the Dryad were any indica- 
tions of those ships being struck by lightning. Every sailor 
knows well tuat ships are severely shaken, by a peal of vicinal 
thunder, though no Jightning strikes the vessel; and if you 
would condescend to repeat some of my ‘‘ clumsy experi- 
ments” with the electrical kite, during a lightning s\orm, 
ydu' would soon learu that the ‘‘hissing noise” and other 
phenomena, witnessed on board the Beagle and the Dryad ; 
are the constant productions of electric waves in the atmos- 
phere ; sometimes from flashes of lightning and sometimes 
from tho mere transit of a cloud over the kite. Moreover, a 
true indication of the Beagle being not struck by the pvima- 
tivo discharge is, that neither her compasses nor her chrono- 
meters w ere magnetized by the event : for had the main-masts* 
conductor transmitted a flash of lightning as has been sup- 
posed, no circumstance hitherto brought to notice, could 
possibly have prevented the magnetization of the steel in the 
chronometer w'hich was placed so near to that conductor. 
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Agdih, whatever may be yoar opinion of those “every-day 
phenomena of the electric kite,” I have always considered 
tbatsdme of those which I have recorded are very far from being 
des^vltig of that epithet you have given them. , They are ob- 
viously ^uch as you never sawy and, I believe, they are such 
phenomena as you are unaBlc to shew recorded by any other 
person. My electric kite experiments have probably been 
more extensive than those of any other person of'^the present 
day; and, to me, they have been more productive of^^evTi^rect 
views of electric action generally, than any series .of ex- 
periments I ever before pursu'ed; and led me to other investi- 
gations which otherwise 1 might not have thought of. 

Ky the copious discharges occasionally exhibited at my 
kite-string, I gained a knowledge of atmospheric electrical 
waves, and of the causes of their production.* lly an atten- 
tion to the motions of tlie balls of a Cavallo’s electro-scope, 

I have gained a knowledge of the variableness of the density 
of atmospheric electricity in windy weather. By prosecuting 
my kite experiments at all seasons of the year, for about six 
successive years, I have been enabled to foretcl at what 
season of the year, and under what circumstances of weather, 
the atmosphere would be most powerfully electric with 
respect to the ground. 

By making my experiments in places remote from cacli 
other, upon lofty mountains and in low valleys, 1 have been 
enabled to understand that an unclouded atmosphere is con- 
siantly electro-positive with reference to the earth. By 
studying this fact in connexion wdth electric waves, 1 have 
been le(l to a knowledge of the cause of the ground being 
sometimes electro-positive wdth respect do the air immediately 
above it. And by these and other flucti^tions of the atmos- 
pheric electrical pressure, arising from liygromctTical, and 
thcrmometrical changes, &c., I have been enabled to%under- 
staiid the cause of the ever-varying electrical conditioijujcf * 
bodies composing the surface of the earth. 

By employing several kites at the same time, at different 
altitudes, at different seasons of the year, 1 gained a know- 
ledge of the diflereiit electric conditions of atmospheric strata 
at those altitudes : and from a knowledge of the atmosphere 
being differently electric at different altitudes, 1 was led to 
infer that an exceedingly thin stratum of air would be differ- 
ently electric on its upper and lover surface. — Keeping this 


• See my fourth Memoir, page 181 of this vpliuiiv. 


Mr. W. SntHo Harris. 


4 <«) 


idea ill view whilst repeating some of the beautiful experhnorits 
described in Sir Iliiniplirey Davy’s Bakcrsian Lecture for 
t was led to suspect that thin strata, or iihns, of meuiUic 
bodies might possibly exhibit different electric action on their 
oi^posite surfaces, which I found to be th(^ ctase, and in the 
year 1827, I constructed my dry (ffcctfic column, having one 
metal only ; each piece having a rclatitehj positive and nega- 
tive surface.* 

F’-mn my success with the dry electric column, I was led 
to a tiiw clumsy experiments” in gsdviuiism ; l>y means of 
which J shewed that metallic co'itact is not essentially neces- 
sary to the production of galvanic action.f This discovery 
was thouglit of sufiuuent importance by Dr. Faraday, to 
deserve a place in the Transactions of tlie Royal Soedety, and 
to select it from my book as a lit subject for the theme of his 
8th Series ; forgetting, however, to associate the name of the 
discoverer wdth the fact. It was % contemplating the electrical 
character of the same kind of metal iiiuler dilfercnt states of 
polish, textim?, &c., that I was h^l to the discovery of making 
active galvanic eombinations with one kind of metal only, anrl 
of shewing that cast and rolled zinc an? in different eh'ctric 
conditions. It was in consequence f)f this discovery that I 
was enabled to shew that rolled, or hammered zinc in com- 
bination with cop]i(‘r, made more powerfvd galvanic batteries, 
than cast zinc, not so treated, would make in combination 
with that metal. J This discovery was also honoured with a 
place ill the Plulosopliical Transactions of the Royal Society 
through the courtesy of Dr. Faraday, who, considering it 
sufficiently important to form a prominent feature of his own 
dexterity in the tactics of transplantation, very politely handed 
it to the Council of the Royal Socic^Ly as a discovery of his 
own, placyig it very^conspicuously in his idtli Series, 

The “ every day phenomena at the electrical kite,” which 
.^avemo the first idea of thin strata being differently electrical 
on* their o]qjosite sides, led me to the supposition that the 
ihiimost films which constitute metallic crystalline groups 
might also be in different electrical conditions. This idea led 
me to an extensive series of “clumsy experiment” which 
were perfectly successful in shewing that each separate metal 
is susceptible of exhibiting thenno-electric currents, jind that 


* See my Experimental Researches in Electro-Magnetism, Galvanism, See. 
p. 64. Published in 1830, b) Sherwood, Gilbert and Piper. 

f ibid page 21, 83, and 84. *' 

J See iny Experimental Researches, &c. page 65 — 7 1. 
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each group of the crystalline films, is, in fact, an electrical 
pile, as decidedly as any electric pile formed of two or more 
distinct kinds of inetal.^’ 

These few speciinciis of the consequences* of some of my 
“ clumsy experiments’’ and every-day phenomena at the 
electric kite,” may prol)al)ly aifovd you an idea of their having 
been viewed, by Dr. Faraday and otliers, under a very different 
aspect to that which w^oiild fain place tlunn in. ?^nd, indeed, 
from the tenour of your first letter to me,t I hjpii^'very 
reason to think that, your present disingeniiity and^vaait of 
candour are the men^ effects t}f the Jamentable Electrophohia 
under the torments of which my fourth memoir has so unlia])- 
pily placed \ou: and that, as the ardemr of the fever abates, 
f am in hopes y\^)iir mind will gradually bc‘ restored to its 
usual healthy tone of vigour and conscientiousness ; and 
rcisuiiie its capability of appreciating thelaboius of those w^ho, 
even under inexpressible disadvantages, have so long been 
w-orking with you in the same field oi‘ science. Hence it is 
that, notwath standing the violations of courtesy and candour 
which you have manifested during the im])ulse of tliose fia veut 
j>aroxysnis under which you have been unhappily labomring, 
I most willingly and sincerely exonerate you tioiu all blame 
in this tmnponiry misunderstanding; and you may rest per- 
fectly assured, that, whenever liberality and candour again 
emanate from your pen, they wdll be accompanied by my best 
wishes for your wellarc and success. 

» 

1 have the honour to be 
Sir, 

Voiir obcdiimt Servant, 

WILLIAM STURCiEON. 

To W. Snow' Harris, Esq. 

P-S. — ^I'hc state of the controversy will be seen on the next 
page. 


* Philosophical Magazine, 
f See page 325 of this Tolumc. 
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Disruptive discharge continued — Insulation — Spark‘d 
Brush — Differenctrof discharge at the positive and negative 
surfaces of conductors. 

1392. When a spark had passed at either interval, ^ tfeen, 
generally, more tended to appear at the same interval, as if a 
preparation had been made for the passing of the latter spark. 
So also on continuing to work the machine quickly the sparks 
generally followed at the same place. This effect is probably 
due in part to the warmth of the air heated by the preceding 
spark, in part to dust, and I suspect in part to something 
unperceived as yet in the circumstances of discharge. 

1393. A very remarkable difference, which is constant in 

its direction, occurs when the electricity communicated to the 
balls 8 and S is changed frbm positive to negative, or in the 
contrary direction. It is that the range of variation is always 
greater when the small balls are positive than when they are 
VOL. V. — No. 27, September^ 1840. X 




162 Dr. Faraday’s Eesearches m Eleciriciltf^ 

negative. This is exhibited in the following Table, drawn 
from the former experiments. 


Air the range was 

Pos. 

• NeR. 

. 019 

009 

Oxygen 

. 0-19 

0 02 

Kitrogon • . . . . 

. 0-13 

0-1 1 

Hydrogen .... 

. 0*14 

0-05 

Carbonic acid . . . 

. 0-16 

o-oa 

Olefiant gas . , . 

. 0-22 

0*08 

Coal gas 

. 0^4 

0-12 

Muriatic acid . . . 

. 0-43 

0-08 


I have no doubt these numbers require considerable correction, 
but the general result is striking, and the difFereiiccs in several 
cases very great. 

1394. I'liough, in consequence of the variation of the 
striking distance (1380.), the interval in air fails to be a 
measure, as yet, of the insulating or resisting power of the 
gas in the vessel, yet wo may for present purposes lake the 
mean interval as representing in some degree that power. 
On examining these mean intervals as they are given in the 
third column (1388.), it will be very evident, that gases, 
when employed as dielectrics, have peculiar electrical rela- 
tions to insulation, and therefore to induction, very distinct 
from such as might be supposed to depend upon tlieir mere 
physical qualities of specific gravity or pressure. 

1395. First, it is clear that at the same pressure they are 
not alike, tlu? difference being as great as 37 and 110. When 
the small balls are charged positivc'ly, and witli the same 
surfaces and the same pressure, muriatic acid gas has three 
times the insulating or restraining power (1362.) of hydrogen 
gas, and nearly twice that of oxygen, nitrogen, or air. 

1396. Yet it is evident that the difference is not due to 
specific gravity, for though hydrogen is the lowest, and 
therefore lower ^han oxygen, oxygen is much beneath 
nitrogen, or than olefiant gas, and carbonic acid gas, though 
considerably, heavier than olefiant gas or muriatic gas, is 
lower than either. Oxygen as a heavy, and olefiant as a light 
gas, arc in strong contrast with each other ; and if we may 
reason of olefiant gas from Harris’s results with air (1365.), 
then it might be rarefied to two-thirds its usual density, or to 
a specific gravity of 9*3 (hydrogen being 1), and having 
neither the same density, nor pressure as oxygen, would have 
c^ual insulating powers with^t, or equal tendency to resist 
discharge. 

1397- Experiments have already been described (1291. 
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1292.) which shew that the gases are sensibly alike in their 
inductive capacity, 'riiis result is not in contradiction with 
the existence o4‘ great ditterences in their restraining power. 
I'he same point has been observed already in regard to dense 
and rare air (1375.). 

1398. IJ^3nc*c arises a new' argument proving that it 
cannot be more pressure the atmosphere wnich prevents or 
goverft^'discharge (1377. 1378.) but a specific electric (piality 
or reieftion of the gaseous medium. Hence also additional 
argument for the theory 5f molecular inductive action. 

1399. Other specific diflcreiices amongst the gases may 
be drawn from the preceding series of experiments, rough 
and hasty as they are. Thus the positive and negative series 
of mean intervals do not give the same difibrcnces. It has 
been already noticed that the negative numbers are lower 
than the positive (1393.), but besides tl/at, tiia order of the 
positive and negative results is not the same. Thus on 
comparing the mean numbers (wdiicli represent for the present 
insulating tension^) it appears that in air, hydrogen, carbonic 
acid, olefiant gas, and muriatic aci<l, the tension rose higher 
when the smaller ball was made positive than when rendered 
negative, whilst in oxygen, nitrogen, and coal gas, the reverse 
was the ease. Now though the numbers cannot be trusted as 
exact, and though air, oxygen, and nitrogen sliould probably 
be on the same side, yet some of the results, as, fqr instance, 
those with muriatic acid, fully shew a peculiar relation and 
diflerence among gases in this respect. This was furlher 
proved by making the interval in air 0*8 of an inch whilst 
muriatic acid gas was 'in the vessel a ; for on charging ihc 
small balls s and S positively, all the discharge took place 
through thb air ; but on charging them negatively, all the 
discharge took place through the muriatic acid rjas. * 
'«nl400. So also, when the conductor n was connected only 
with the muriatic acid gas apparatus, it was found that the 
discharge was more facile when the small ball s was negative 
than when positive ; for in the latter case, much of the elec- 
tricity passed off as brush discharge through the air from the 
connectirig wire p ; but in the former case, it all seemed to 
go through the muriatic acid. 

1401. The consideration, however, of positive and negative 
discharge across air and other gases will be resumed in the 
, further part of this, or in the next paper. 

! 1402. Here for the prcsei^t I must leave this part of the 

"/subject, which had for its object only to observe how far 
/ gases agreed or differed as to their power of retaining a 
charge on bodies acting by induction through them. All the 
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results conspire to shew that Induction is an action of con- 
tiguous molecules (1295. &c.); but besides confirming this, 
the first principle placed for proof in the present inquiry, 
they greatly assist in developing the specific properties of each 
gaseous dielectric, at '^the same time showing that further 
and extensive experimental investigation is necessary, and 
holding out the promise of new diacovery as the reward of 
the labour required. 


1403. When w e pass from the consideration of dielectrics 
like the gases to ^that of bodies having the liquid and solid 
condition, then our reasonings in the present state of the 
subject assume much more of the character of mere supposition. 
Still I do not perceive anything adverse to the theory in‘ the 
phenomena wliich siSch bodies present. If w'e take three 
insulating dielectrics, as air, oil of turpentine and shell-lac and 
use the same balls or conductors at the same intervals in 
these three substances, increasing the intensity of the induc- 
tion until discharge take place, w'e shall find that it must be 
raised much higher in the fluid than for the gas, and higher 
still in the solid than for the fluid. Nor is this inconsistent 
with the theory ; for with the liquid, though its molecules are 
free to move almost as easily as those of the gas, there are 
many more particles introduced into the given interval ; and 
as respects the latter circumstance, the same is the case when 
the solid body is employed. Besides that, the cohesive force 
of the body used will produce some efiect ; for though the 
production of the polarized states iif the particle of a solid 
may not be obstructed, but, on the contrary, may in some 
cases be even favored (1164. 1344.) by its solidity or other 
circumstances, yet solidity may well exert an influence on the 
point of its final subversion, (just as it prevents discharge ir* 
an electrolyte,) and so enable inductive intensity to rise to a 
much higher degree. 

1404. In the cases of solids and liquids too, bodies may, 
and most prdbably do, possess specific differences as to their 
ability of assuming the polarized state, and also as to the 
extent to which that polarity must rise before discharge occurs. 
All analogous difference exists in the specific inductive 
capacities already pointed out in a few substances (1278.) in 
the last paper. Such a difference might even account for 
the various degrees of insul^iting and Conducting power 
possessed by different bodies, and, if it should be found to 
exist, would add further strength to the argument in favor 
of the molecular theory of inductive action. 
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1405. Having considered these various cases of sustained 
insulation in ^ion-conducting dielectrics up to the highest 
point which they can attain, we find that tlicy terminate at 
last in disruptive discharge ; the pec^iliar condition of ibo 
molecules of the dielectric which was necessary to the con- 
tinuous induction, l)eihg equally essential tb the occurrence of 
that effect which closes aw the phenomena. This discharge 
is not mdy in its appearance and condition different to the 
former'inodes by which the low^eriiig of the powers was effected 
(1320. 1343.), but, whilst really the same in princijde, varies 
much from itself in certain clmracters, and thus presents us 
with the forms of sparky brush and gloic (135!).). I will first 
consider the sparky limiting it for the present to the case of 
discharge between two oppositely electrified conducting 
surfaces. 

The electric spark or Jhtsh. 

1406. The spark is a discharge or lowering of tho polar- 
ized inductive state of many dielectric partiides, by a particular 
fiction of a few^ of the particles occupyitig a very small and 
limited space ; all the prcriously polarized partiides returning 
to their first or normal condition in the inverse order in which 
they left it, and uniting their powers meanwhile to produce, 
or r’Uber to continue, (1417 and 1436.) the discht^rge effect 
in t Tlace where the subversion offeree first occurred. My 
iinpi\* ni is, that tlie few particles situated where discharge 
occurs are not merely pushed apart, but assume a peculiar 
state, a highly exalted condition for the time, i. e. have thrown 
upon them all the surrounding forces in succession, and rising 
up to a proportionate intensity of condition, perhaps equal to 
that of chemically combining atoms, discharge the powers, 
jiuosibly in the same manner as they do theirs, by some oper- 
ation at present unknown to us ; and so the end of the whole. 
Tlie ultimate effect is exactly as if a metallic wire had been 
put into tho place of the discharging particles ; and it does 
not seem impossible that the principles of action in both cases 
may, hereafter, prove to be the same. 

1407. The path of the sparky or of the discharge, depends 
on the degree of tension acquired by the particles in the line 
of discharge, circumstances, which in every common case are 
very evident and by the, theory easy to understand, rendering 
it higher in them than in their^ neighbours, and, by exalting 
them first to the requisite condition, causing them to detcr- 
inine on the course of the discharge. Hence the selection of 
jthe path, and the solution of the wonder which Harris has so 
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well described* as existing under the old theory. All is pre- 
pared amongst the molecules beforehand, by the prior induc- 
tion, for the path cither of the electric spark or of lightning 
itself. 

1408. The same ditliculty is expressed as a principle by 
Nobili for voltaic electricity, almost in Mr. Hafrris's words, 
namely, t “ electricity directs itself towards the point^where 
it can most easily discharge itself,’* and the results dt this as 
a principle he has well wrought out for the case of voltaic 
currents. But the sulniion of the dilliculty, or the proximate 
cause of the erte('ts, is the same : induction brings the parti- 
cles up to or towards a certain state (1370.); and by those 
which first attain it, is the discharge first and most efficiently 
performed. 

1 400. The moment of discharge is probably determined 
by that molecule of the dielectric which, from the circum- 
stances, has its tension most quickly raised up to the 
maximum intensity. In all cases whore the discharge passes 
from conductor to conductor this molecule must be on the 
surface of one of them ; but when it passes between a con- 
ductor and a non-conductor, it is, perhaps, not always so 
(1453.). When this particle has acquired its maximum ten- 
sion, then the whole bariicr of resistance is broken down in 
the line or lines of inductive action originating at it, and dis- 
ruptive discharge occurs (1370.) : and such an inference, 
drawn as it is from the theory, seems to me in accordance 
with Mr. Harris’s facts and conclusions respecting the resis- 
tance of the atmosphere, namely, that it is not really greater 
at any one discharging distance than anothcr.J 

1410. It seems probable, that the tension of jl particle of 
the same dielectric, as air, which is requisite to produce dis- 
charge, is a constant (juantity^ whatever the shape of' the part 
of the conductor with which it is in contact, whether l)Sil 
or point; whateter the thickness or depth of dielectric 
throughout which induction is exerted ; perhaps, even, what- 
ever the state, as to rarefaction or condensation of the 
dielectric ; and whatever the nature of the conductor, good 
or bad, with which the particle is for the moment associated. 
In saying so much, I do not mean to exclude small differences 
which may be caused by the reaction of neighbouring par- 
ticles on the deciding particle, and indeed, it is evident that 
the intensity required in a particle .must be related to the 


• Nautical Magazine, 1831, p. 2*29. 
f llibliotlicquc I'nivcrselle, 183r> lix. 275. 

+ Philosophical Transactions, 1831, pp. 227, 229. 
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condition of those which are ooutiguoiis. But if tlic expecta- 
tion should be found to approximate toUruth, what a gener- 
ality of characfgr it presents ! and, in the dclinitencss of the 
power possessed by a particular molecule, may we not hope 
to find an immediate relation to the Hree which, being elec- 
trical, is equally definite and constitutes chemical affinity ? 

1411. Tiicoretically it ^ould seem that, at the moineut of 
.dischar^ by the spark in one line of inductive force, not 

merely^ would all the other lines throw their forces into tliis 
one (1400.), but the latte/al effect, equivalent to a repulsion 
of these lines (1224. 1297.), would be relieved and, perhaps, 
followed by sometliing equivalent to a contrary action, 
amounting to a collapse or attraction of tlie5e parts. Having 
long souglit for some transverse force in statical electricity, 
which should be the equivalent to magnetism or the transverse 
force of current electricity, and conceiving that it might be 
connected with the transverse action of the lines of induct ive 
force already descrihe^d (1297.), I was desirous, by various 
experiments, of bringing out the eflect of such a force, and 
making it bear u])on the phenomena of electro-magnetism and 
magneto-electricity. 

1412. Amongst other results, I expected and sought for 
the mutual affection, or even the lateral coalition of two 
similar sparks, if they could be obtained simultaneously side 
by side, and sufficiently near to each other. For this purpose, 
two similar Leyden jars were supplied with rods ^f copper 
projecting from their balls in a horizontal direction, the rods 
l)cing about 0*2 of an inch thick, and rounded at the ends. 
The jars wxre placed upon a sheet of tinfoil, and so adjusted 
that their rods, « and ^ were near togctlker, in the position 
represented* in plan at fig. 2. c and d were two brass balls 
connecte^i by a brass rod and insulated ; c \vas also a lirass 
ball connected, by a wire, with the ground and with the tinfoil 
upon which the Leyden jars were placed. By laying an 
insulated metal rod across from a to />, charging the jars, and 
removing the rod, both the jars could be brought up to the 
same intensity of charge (1370.). Then, making the hall e 
approach the ball (/, at the moment the spark passed there, 
two sparks passed between the rods w, o, and the ball c ; and 
as far as the eye could judge, or the conditions determine, 
they were simultaneous. 

y’%. Under these circumstances two modes of discharge 
jflace ; either each end had its own, particular spark to the 
:=Cd, or else one end only w*as issociated by a spark with the 
^‘1)all, but was at the same time related to the other end by a 
spark between the two. 
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1414. When the ball c was about an inch in diameter, the 
ends, n and o, about ^ half an inch from it, aijd about 0*4 of 
an inch from each other, the two sparks to the ball could be 
obtained. When, for the purpose of bringing the sparks 
nearer together, the tnds, n and o were brought closer to 
each other, tlien, unless very carefully adjusted, only one end 
had a spark with the ball, the other having a spark to it; 
and the least variation of position would cause citlv>J n or o 
to bo the end which, giving the direct spark to the b‘'!l, was 
also the one through, orbymeW of which, the other discharged 
its electricity. 

1415. On making the ball c smaller, I found that then it 
was needful to make the interval between the n and a larger 
in propotion to the distance between them and the ball c. On 
making c larger, I found I (jould diminish the interval, * and 
so bring the two sim’altaneous separate sparks closer together, 
until, at last, the distance between them was not more at the 
widest part than 0.(5 of their whole length. 

1416. Numerous sparks were theT\ passed and carefully 
observed. They were very rarely straight, but either curved 
or bent irregularly. In the averinge of cases they were I think, 
decidedly convex towards each other; perhaps two thirds 
presented more or loss of this effect, the rest bulging more or 
less outwards. I w^as never able, however, to obtain sparks 
which, separately leaving the ends of the wires n and o, con- 
joined into one spark before they reached or communicated 
with the ball c. At present, therefore, though I think I saw 
a tendency in the sparks to unite, I cannot assert it as a fact. 

1417. But there is one very interesting effect here analo- 
gous to, and it intiy be in part the s;^inc with, that I was 
scarcliing for ; I mean the increased facility of discharge where 
the spark passes. For instance, in the cases wjicre one 
end, as 72, discharged the electricity of both ends to the ball 
fig. 2., the electricity of the other end o, had to pass through 
an interval of air 1 *5 titnes as great as that which it might 
have taken, by its direct passage between the end and the ball 
its(df. In sMeh cases, the eye could not distinguish, even by 
the use of Wheatstonf/s means*, that the spark from the 
end 7i which contained both portions of the electricity, was a 
double spark. It could not have consisted of two sparks taking 
separate courses, for such an effect would have been visible 
to the eye ; but it Is just possible, that the spark of the firSl 
end n and its jar, passing at the s'mallest interval of time 
before that of the other o, had heated and expanded the air in 

* Philosophical Transactions, 1834, pp. ^81, 58a. 
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its course, and made it so much more favorable to discharge, 
that the electricity of the end o preferred leading across to it 
and taking a v^ry circuitous route, rather than the more 
dirict one to the ball. It must, howpver, be remarked, in 
answer to this supposition, that the one spark between d and e 
would, by its influence, tend to products simultaneous dis- 
charges at n and"D, and certainly did so, when no preponder- 
'iittce w^ given to one wire over the other, as to the previous 
inductive effect (1414.). • 

1418. The fact, however, is, that disruptive discharge is 
favorable to itself. It is at the outset a case of tottering 
equilibrium : and if time be «an element in discharge, in how- 
ever minute a proportion (1436.), then the commencement of 
the act at any point favors its contiriUfince and increase there, 
and portions of powCr will be discharged by a course which 
they would not otherwise have taken. * 

1419. The mere heat and expansion of the air itself by the 
the first portion of electricity which passes, must have a great 
influence in producing this result. 

1420. As to the result itself, we see its influence in every 
spark that passe ? ; for it is not the whole (|uautity whudi 
passes that determines the discharge, hut merely that small 
portion of force which brings the (lecidiiig molecule (1370.) 
up to its maximum tension ; thmi when its forces are subver- 
ted and discharge begins, all the rest passes by^ the same 
course, from the influence of the favoring circumstances just 
referred to ; and whether it be the electricity on a square inch, 
or a thousand square inches of charged glass, the discharge 
is complete. Hereafter we shall find the influence of this 
effect in thg formatiolf oflbrushes (1435.); and it is not im- 
possible that we may trace it producing the jagged spark 
and the forked lightning. 

1421. The characters of the electric spark in different 
gases vary, and the Variation may be due shnply to the eflect 
of the heat evolved at the moment. But it may also be due 
to that specific relation of the particles and the c(cctric forces 
which I have assumed as the basis of a theory of induction ; 
the facts do not oppose such a view ; and in that view, the 
variation strengthens the argument for molecular action, as it 
would seem to shew the influence of the latter in every part 
of the electrical effect (1423, 1454). 

1422. The appearances of the sparks in different gases 
have often been observed -and recorded, but I think it not 


• Sec Van Marum's description of the Teylcrian Machine, vol. i p. 1*2. 
and rol. ii. p, 196. j also Cncy. Britan, vol. vi., Article Electricity, pp. 507. 
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out of place to notice briefly the following results ; they wore 
obtained with balls "of brass, (platiiia surfaces would liave 
been better,) and at common pressures. In ’crir, the sparks 
have that intense lights and bluish colour which are so well 
known, and often have faint or dark parts in their course, 
when the quantity of electricity passing is not great. In 
nitrogen^ they are very beautiful, having the same general 
appearance as in air, but have decidedly more colour cf a 
bluish or purple character, and I thought were remarkably 
sonorous. In oxygen^ the sparks were whiter than in air or 
nitrogen, and I think not so brilliant. In hydrogen, they had 
a very fine crimson colour, not due to its rarity, for the cha- 
racter passed away ns the atmosphere was rarefied (1459.)/^ 
Very little sound was produced in this gas ; but that is a con- 
scqucnco of its physical oondition.t In carbonic acid gas, 
the colour was similar to that of the spark in air, but with a 
little green in it ; the sparks w^erc remarkably irregular in 
form, more so than in common air : tliey could also, under 
similar circumstances as to size of ball, &c. bo obtained much 
longer than in air, the gas showing a singular readiness to 
pass the discharge in the form of spark. In muriatic acid 
gas, the spark was nearly white : it was always bright through- 
out, never presenting those dark parts which happen in air, 
nitrogen, and some other gases. The gas was dry, and during 
the w^holer experiment the surface of the glass globe within 
remained quite dry and bright. In coal gas, the spark wms 
sometimes green, sometimes red, and occasionally one part 
was green and another red. BlacI^ parts also occur very 
suddenly in the liqp of the spark, i. e. they are not connected 
by any dull part with bright portioft's, but the two seem to 
join directly one wuth the other. 

1423. These varieties of character impress my miiid w'ith a 
feeling, that they are due to a direct relation of the electric 
powers to the pirticlcs of the dielectric through which the 
discharge occurs, and arc not the mere results of a casual 
ignition or a secondary kind of action of the electricity, upon 
the particles which it finds in its course and thrusts aside in 
its passage (1454.). 

1424. The spark may be obtained in media which are far 
denser than, air, as in oil of turpentine, olive oil, resin, glass, 
&c. : it may also be obtained in bodies which being denser 
likewise approximate to the condition of conductors, as sper- 


* Van ]\rarum, says they aro four lim^s as large in hydrogen as in air, 

vol. i.p. 122. 
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mac eti, water, ^&c. But in these cases, ^nothing occurs whicli, 
as far as I can.perceive, is at all hostile to the general views 
I have endeavored to advocate. 

The electrical brush, , 

1425. The is the next form of disruptive discharge 
^Y?hich 1 will consider. There are many ways of obtaining it, 
or ratTier of exalting its charactca*s ; and all these ways illus- 
trate the principles upon vvdiicli it is produced. If an insulated 
conductor, connected with the positive conductor of an elec- 
trical machine, have a metal rod 0*3 of an» inch in diameter, 
projecting from it outwards from the machine, and terminating 
l)y a rounded end or a small ball, it will generally give good 
brusdics ; or, if the machine be not in good action, then many 
ways of assisting the formation of the brush can be resorted 
to ; thus, the hand, or any larye conducting surface may be 
approached tow-ards the termination to increase inductive 
force (1374.) : or the termination may be smaller and of 
badly conducting matter, as wood : or sparks may be taken 
between the prime conductor of the machine and the secondary 
conductor to which the termination giving brushes belongs ; 
or, w hich gives to the brushes exceedingly fine characters and 
great magnitude, the air around’ the termination may be 
rarefied more or less, either by heat or the air pump ; the 
former favorable circumstances being also continucil. 

1 12(i. The brush when obtained by a powerful machine on 
a ball about 0*7 of an inch in diameter, at the end of a long 
brass rod attaclied to the positive prime conductor, had the 
general appearance aiTto form represented in fig. 3. : a short 
conical bright part or root appeared at the middle part of the 
ball projecting directly from it, which at a little distance 'from 
the ball, broke out suddenly into a wide brush of pale rami 
fications having a tjuivering motion, and b^ing accompanied 
at the same time with a low dull chattering sound. 

1427. At first the brush seems continuous, hut Professor 
Wheatstone has shewn that the whole phenomenon consists 
of successive intermitting discharges.* If the eye be passed 
rapidly, not by a motion of the head, but of the eyeball itself, 
across the direction of the brush, by first looking steadfastly 
about 10^ or 15'^ above, and then instantly as much below it, 
the general brush will be resolved into a number of individual 
brushes, standing in a row' upoci the line which the eye passed 
over ; each elementary brush being the result of a single dis- 


♦ Philosoplrcdl Transactiuns, 1831, p. 086, 
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charge, and the spaf:e between them representing both the 
time during which the eye was passing over that space, and 
that which elapsed between one discharge and another. 

1428. The single brushes could easily be separated to eight 
or ten times their Qwn width, but were not at th^e same time 
extended, i. e. they did not become more indefinite in shape, 
but, on the contrary, less so, each being more distinct-in form, 
ramification, and character, because of its separation fr-crn'llic 
from the others, in its effects upon the eye. Each, therefore, 
was instantaneous in its existence (143G.). Each had the 
conical root complete (142G.). 

142!). On using a smaller ball, the general brush was smaller, 
and the sound, though weaker, more continuous. On resolv- 
ing the brush into its elementary parts, as before, these were 
found to occur at mi>;ch shorter intervals than in the former 
case, but still the discharge was intermitting. 

1430. Employing a wire with a round end, the brush was 
still smaller, but, as before, separable into successive dis- 
charges. 'J'he sound, though feebler, was higher in pitch, 
being a distinct musical note. 

1431. The sound is, in fact, due to the recurrence of the 
noise of each separate discharge, and these, happening at in- 
tervals nearly equal under ordinary circumstances, cause a 
definite note to be heard, which rising in pitch with the in- 
creased ra'pidity and regularity of the intermitting discharges, 
gives a ready and accurate measure of the intervals, and so 
may be used in any case when the discharge is heard, even 
though the appearances may not bo seen, to determine the 
element of time, * So, also, when, by bringing the hand to- 
wards a projecting rod or ball, the pitch of the tone produced 
by a brusliy discharge increases, the eflPect informs that we 
have increased the induction (1374.), and by that means in- 
creased the rapidity of the alternations of charge and dis- 
charge. 

1432. By using wires with finer terminations, smaller brushes 
were obtained, until they could hardly be distinguished as 
brushes *, but as long as sound was heard, the discharge could 
be ascertained by the eye to be intermitting ; and when the 
sound ceased, the light became continuous as a glow (1359. 
1405.). 

1433. To those not accustomed to use the eye in the manner 
I have described, or, in cases where the recurrence is too quick 
for any unassisted eye, the^ beautiful revolving mirror of 
Processor Wheatstone* will be useful for such developments 

Philosophical Transactions, 1834, pp. 584, 585. 
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of condition as those mentioned abovA Another excellent 
process is to pfpduce the brush or other luminous phenomenon 
on the end ot a rod held in the hand opposite to a charged 
positive or negative conductor, and tlidBii move the rod rapidly 
from side to side whilst the eye remains still. The successive 
discharges occur of course in different places, and the state of 

^ things before, at, and after a single coruscation or brush can 
"bViJXcceding well separated. 

1434. The brush is in^ reality a discharge between a bad 
JOT a non-conductor and either a conductor or another non- 
conductor. Under common circumstances, the brush is a 
discharge between a conductor and air, and I conceive it to 
take place in some thing like the following manner. When 
4 : 110 ^ end of an electrified rod projects into the middle of a room 
induction takes place between it and tljc walls of the room, 
across the dielectric, air ; and tlie lines of inductive force 
accumulate upon the end in greater quantity than elsewhere, 
or the particles of air at the end of the rod arc more highly 
polarized than those at any other part of the rod, for the 
reasons already given (1374.). The particles of air situated 
in sections across these lines of force arc least polarized in 
sections towards the walls, and most polarized in those nearer 
to the end of the wires (1369.) : thus, it may well happen, 
that a particle at the end of the wire is at a tension that will 
immediately terminate in discharge, wliilst in those even only 
a few inches off, the tension is still beneath that point. But 
suppose the rod to be charged positively, a particle of air A, 
fig. 4. next it, being poj.arized, and having of course its nega- 
tive force directed towards the rod artfl its positive force 
outwards ;^.the instanrthat discharge takes place between the 
positive force of the particle of the rod opposite the air and 
the neg*ative force of the particle of air towards the ro^, the 
w'hole particle of air becomes positively electrified ; and when, 
the next instant, the discharged part of the rod resumes its 
positive state, by conduction from the surface of metal behind, 
it not only acts on the particles beyond A, by throwing A 
into a polarized state again, but A itself, because of its 
charged state, exerts a distinct inductive act towards these 
further particles, and the tension is consequently so^much 
exalted between A and B, that discharge takes place there 

^ also, as well as again between the metal and A. 

1435. In addition to ‘this effect, it has been shewn, that, 
the act of discharge having ont^e commenced, the whole oper- 
ation, like a case of unstable equilibrium, is hastened to a 
conclusion (1370. 1418.), the rest of the act being facilitated 
in its occurrence, and other electricity than that which caused 
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the first necessary legion hurrying to the spot. Wlien, there- 
fore, disrupti\x' discharge has once coinmencQcl at the root of 
a brush, the electric force which has been accumulating in the 
conductor attached to the rod, finds a more ready discharge 
there than elsewhere, and will at once follow the course 
marked out as it were for it, thuS leaving the conductor in a 
partially discharged state, and the air about the end of the^ 
wire in a charged condition ; and the time necessary 
toring the full charge of the^ondu(;tor, and the dispersion of 
the charged air in a greater or smaller degree, by the joint 
forces of repulsion from the conductor and attraction towards 
the walls of the r(fora, to which its inductive action is directed 
is just that time which forms the interval between brush and 
brush (1420. 1427. 1431.) 

1430. The words i)f this description arc long, but there is 
nothing in the act or the forces on which it depends to prevent 
its being instantaneous^ as far as we can estimate and mea- 
sure it. The consideration of time is, however, important in 
several points of view (1418.), and in reference to disruptive 
fhseharge, it seemed from theory far more probable that it 
might be detected in a brush than in a spark, for in a brush, 
the particles in the line through which the discharge passes 
are in very different states as to intensity, and tlie discharge 
is already complete in its act at the root of the brush, before 
the particles at the extremity of the ramifications liavc yet 
attained their maximum intensity. 

1437. I consider brush discharge as, probably, a successive 
effect in tliis way. Discharge begins at the root (1426.), and, 
extending itself in siucccssion to all p?jj,ts of the single brush, 
continues to go on at the root and the previously f(»‘mod parts 
until, the whole brush is (‘omplcte; then, by the fall in inten- 
sity and power at the conductor, it ceases at once in all parts, 
to be renewed, wlicn that pow-er has risen again to a sufficient 
degree. But in a sj)ark, the particles in the line of discharge 
being, from the circumstances, nearly al&e in their intensity 
of polarization, suffer discharge so nearly at the same moment 
as to make tlie time quite insensible to us. 

1438. Mr. Wheatstone has already made experiments which 
fully illustrate thia point. He found that the brush generally 
had a sensible duration, but that with his highest capabilities 
he could not detect any such effect in the spark.* I repeated 
his experiment on the the brush, though with more imperfect 
means, to ascertain whether 1 could distinguish a longer 
duration in the stem or root of. the brush than in the ex- 


* Philosophical Transaclions, 1830. pp 580, 500. 
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tremities, and the apj)earance8 were (Ipuch as to make me 
think an effect^of this kind was produced. 

1439. That the discharge breaks into several ramifications, 
and by them passes through portior^s of air alike, or nearly 
alike, as to polarization and the degree of tension the particles 
there have*' acquired, is a very natural result of the previous 
state of things, and sooner to be expected than that the dis- 
'ckirjie should continue to go straight out into space in a 
single line amongst those jpartiebs which, being at a distance 
from the end of the rod, are in a lower state of tension than 
those which are near ; and whilst wo cannot but conclude, 
that those parts where the branches of a single brush appear, 
are more favorably circumstanced for discharge than the 
d^ker parts between the riimifications, wc may also conclude, 
that in those parts where the light of C 9 ncomitant discharge 
is equal, there the circumstances are nearly equal also. Tha 
single brushes are by no means of the same particular shape 
even when they are observed without displacement of the rod 
or surrounding objects (1427. 1433.), and the successive dis- 
charges may be considered as taking place into the mass 
of air around, through different roads at each brush, according 
as minute circumstances, as dnst, &c. (1391. 1392.) may 
have favored the course by one set of particles rather than 
another. 

1440. Brush discharge does not essentially require any 
current of the medium in which the brush appears : the cur- 
rent almost always occurs, but is a consequence of the brush, 
and will be considered hereafter. On holding a blunt point 
positively charged towards uninsulated water, a star or glow 
appeared on the point,^*ii current of air passed from it, and the 
surface of the water w^as depressed; but on bringing the 
point so near that sonorous brushes passed, then the current 
of air instantly ceased, and the surface of the water became 
level. 

1441. The discharge by a brush is not to all the particles 
of air that are near the electrified conductor from which the 
brush issues ; only those parts where the ramifications pass 
are electrified ; the air in the central dark parts between them 
receives no charge, and, in fact, at the time, of , discharge, has 
its electric and inductive tension considerably lowered. For 
consider fig. 14. to represent a single positive brush ; — the 
induction before the discharge is from the end of the rod out- 
wards, in diverging lines tOwa/ds the distant conductors, as 
the walls of the roomj &c., and a particle at a has polarity of 
a certain degree of tension, and tends with a certain force to 
become charged ; but at the moment of discharge, the air in 
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the ramifications b aiAi rf, acquiring^ also a positive state, op- 
poses its influence to mat of the positive conducjfor on and the 
tension of the particle at a is therefore diminished rather than 
increased. The charged particles at b and d are now induc- 
tive bodies, but their lines of inductive action are still outwards 
towards the walls of the room ; the direction of the polarity 
and the tendency of other particles to charge from these, being, 

governed by, or in conformity with, these lines of force^ 

« 

1442. The particles that arc charged are probably very 
highly charged, but, the medium being a non-conductor, they 
cannot communioate that state to their neighbours. They 
travel, therefore, under the influence of the repulsive ana 
attractive forces, from the charged conductor towards the 
nearest uninsulated conductor, or the nearest body in a dhTer- 
(*iit state to thernselvts, just as charged particles of dust would 
travel, and are then discharged ; each particle acting, in its 
course, as a centre of inductive force upon any bodies near 
which it may come. 

1443. The travelUngofthesechargedparticles when they are 
numerous, causes wind and currents, but these will come into 
consideration under carrying discharge (1319.). When air is 
said to be electrified, and it frequently assumes this state near 
electrical machines, it consists, according to my view, of a 
mixture of electrified and un-electrified particles, the latter 
being in very large proportion to the former. When we 
gather electricity from air by a flame or by wires, it is 
either by the actual discharge of these, particles, or by effects 
dependent on they* inductive action, a case of either kind 
being produceable a pleasure. Th^ the law ^of equality 
between the two forces or forms of force in inductive action is 
as sfrictly preserved in these as in other cases, is fufly shewn 
by the fact, formerly stated (1173. 1174.), that, however 
strongly air in a ficssel might be charged positively, there was 
an exactly equal amount of negative fq^ce on the inner sur- 
face of the .vessel itself, for no residual portion of either the 
one or the other electricity could be obtained. 

1444. I have nowhere said, nOr does it follow, that the air 
is charged .only where the luminous brush appears. The 
charging, may extend beyond those parts which are visible, i. e. 
particles to the right or left of the lines of light may receive 
electricity, the parts which are lumindus being so only because 
much electricity is passing By ^hem to other parts (1437.) ; 
just as. in a spark discharge the light i$ greater as more elec- 
tricity passes, though it has no necessary relation to the 
quantity required to commence discharge {VXIO. 1420.). 
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lienee the form we soc. in a brudh may hy no moans represent 
the whole quantity of air electrified ; fo^; an invisible portion, 
clothing the visible form to a certain depth, may, at the same 
time, receive its charge. 

1445. Several effects which I have met with in muriatic 
acid gas tend to make me believe, that gaseous body allows 
of a dark discharge. At the same time, it is quite clear from 

-<\?J3oory, that in some gases, the reverse of this may occur, i. e. 
th^lhe charging of the air may not extend even so far as the 
light. We do not know aa yet enough of the electric light to 
be able to state on what it depends, and it is very possible 
that, when electricity bursts forth into air, all the particles of 
which arc in a state of tension, light may be evolved by such 
as, being very near to, are not of, those which actually receive 
it TClfarge at the time. 

1446. The further a brush extends in a gas, the further no 
doubt is the charge or discharge carried forward ; but this 
may vary between different gases, and yet the intensity re- 
quired for the first moment of discharge not vary in the same, 
hut in some other proportion. Thus with respect to nitrogen 
and muriatic acid gases, the former, as far as my experiments 
have proceeded, produces far finer and larger brushes than 
the latter (1458. 1462.), but the intensity required to com- 
mence discharge is much higher for the latter than the former 
(1395.). Here again, therefore, as in many other qualities, 
specific differences are presented by different gaseous dielec- 
trics, and so prove the special relation of the latter to the act 
and the phenomena of induction. 

1447. To sum up these considerations respecting the 
character and conditiom^f the brush, I ma^ state that it is a 
spark to air ^ a diffusion of electric force to matter, not by con- 
duction, but disruptive discharge ; a dilute spark which, pass- 
ing to very badly conducting matter, frequently discharges 
but a small portion of the power stored up in the conductor ; 
for as the air charged reacts on the conductor, whilst the, con- 
ductor, by loss of electricity, sinks in its force, the discharge 
quickly ceases, until by the dispersion of the charged air and 
me renewal of the excited conditions of the conductor, circum- 
stances have risen up to their first effective condition, again to 
cause discharge, and again to fall and rise. 

1448. The brush and spark gradually pass into one another. 

Making a small ball positive by a good electrical mac'hine 
with a large prime conductor^ and ap]}roaching a laige 
uninsulated discharging ball towards it, veiy beautiful 
variations from the spark to the brush may be ob- 
tained. The drawings of long and powerful sparks, given by 
VoL. V. — No. 27, Snyt'uiber^ 1840. Z 
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Van Marum,"^ Tlarr^Sjt and others, also indicate the same 
phenomena. As far^as I have observed, wbe^^iever the spark 
has been brushy in air of common pressures the whole of the 
electricity has not been discharged, but only portions of it, 
more or less according to circumstances : whereas, whenever 
the effect has been a distinct spark throughout t]^e whole of 
its course, the discharge has been perfect, provided no inter- 
ruption had been made to it elsewhere, in the discha^no^ 
circuit, than where the spark occurred. 

1449. When an electrical brush from an inch to six inches 
in length or more is issuing into free air, it has the form given, 
fig. 3. But if the hand, a ball, or any knobbed conductor be 
brought near, the extreunities of the coruscations turn towards 
it and each other, and the whole assumes various forms 
according to circumstances, as in figs. 5, 6, and 7. 'riie-i.!- 
flucnce of the circiAnstances in each case is easily traced, and 
I might describe it here, but that 1 sliould be ashamed to 0 (*- 
cupy the time of the Society in things so evident. But how 
beautifully does the curvature of the ramifications illustrate 
the curved form of the lines of inductive force existing pre- 
vious to the discharge ! for the former are consequences of 
the latter, and take their course, in each discharge, where 
the previous inductive tension had been raised to the proper 
degree. They represent these curves just as well as iron 
filings represent mignetic curves, the visible cftects in both 
cases being the conse([uenccs of the action of the forces in 
the places ichere the cflects appear. The phenomena, there- 
fore, constitute additional and powerful testimony (1216. 
1230.) to that already given in favor Both of induction through 
dielectrics in curvfsd lines (1231.), ai?4 of the lateral relation 
of these lines, by an etfect equivalent to a repulsion pro- 
dueftng divergence, or, as in the cases figured, the bulging 
form. 

1450. In reference to the theory of molecular inductive 
action, I may also add here, the proof deducible from the long 
brushy rau^itying spark which may be obtained between a 
small ball on the positive conductor of an electrical machine, 
and a larger one at a distance (1448.). What a fine illustra- 
tion that spark affords of the previous condition of all the 
particles of the dielectric between the surfaces of discharge, 
and how unlike the appearances arc to any which would be 
deduced from the theory which assi\mes inductive action to be 


* Description of the 'ieylcrian machine, vol. i. pp. 32. ; vol. ii. p. 226. &c. 
f Philosophical Traiisaclions, 1834. p. 2-13. 
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action at a distance, in straight lines only ; and charge, as 
being electricity retained upon the sur^^ace of conductors by 
the mere pressure of the atmosphere ! 

^ 

1451. When the brush is obtained in rarefied air, the ap- 
pearances vary greatly, according to circumstances, and are 
•^exceedingly beautiful. Sometimes a brush may be formed of 
only *bix or seven branches, thfse being broad and highly 
luminous, of a purple colour, and in some parts an inch or 
more apart : — by a spark discharge at the prime conductor 
(1455.) single brushes may be obtained at pleasure. Dis- 
charge in the form of a brush is favored by rarefaction of the 
air, in the same manner and for the same reason as dLscharge 
ill the form of a spark (1375.) ; but in every case there is pre- 
vious induction and charge through the dielectric, and polarity 
of its particles (1437.), the induction being, as in any other 
instance, alternately raised by the machine and lowered by the 
discharge. In certain experiments the rarefaction was in- 
creased to the utmost degree, and the opposed conducting 
surfaces brought as near together as possible without produc- 
ing the glow : the brushes then contracted in their lateral 
dimensions, and recurred so rapidly as to form an apparently 
continuous arc of light from metal to metal. Still the dis- 
charge could be observed to intermit (1427.), so*that even 
under these high conditions, induction preceded each single 
brush, and the tense polarized condition of the contiguous 
particles was a necessary preparation for the discharge itself. 

1452. The brush form of disruptive discharge may be ob- 
tained not only in airland gases, but also in much denser 
media. I pl'ocured it in oil of turpentine from the end of a 
wire golkg through a glass tube into the fluid contained In a 
metal vessel. The brush was small and very difficult to obtain ; 
the ramifications were simple, and j^trctch^d out from each 
other diverging very much. The light was exceedingly feeble, 
a perfectly dark room being recpiired for its gbservation. 
When a few solid particles, as of dust or silk, w^ere in the 
liquid, the brush was produce3 with much greater facility. 

1453. The running together or coalescence of different lines 
of discharge (1412.) is very beautifully shewn in the brush in 
air. This point may present a little difficulty to those who 
are not accustomed to see in every discharge an equal exertion 
of power in opposite directions,^ a positive brush being con- 
sidered by such (perhaps in consequence of the common 
phrase direction of a current) as indicating a breaking forth 
in different directions of the original force, rather than a 
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tendency to convergence and union in one line of passa^Cr 
But the ordinary aifc of the brush may be compared, for it? 
illustration, with that in which, by holding the knuckle oppo- 
site to highly excited gdass, a discharge occurs, the ramifica- 
tions of a brush then fcadirig from the glass and converging 
into a spark on tl;e knuckle. Though a difficulty experiment 
to make, it is possible to obtain discharge between highly 
excited shell-lac and the excited glass of a machine : when 
the discharge passes, it is, from the nature of the charged 
bodies, brush at each end and spark in the middle, beautifully 
illustrating that tendency of discharge to facilitate like action, 
which, I have described in a former page (1418.). 

1454. 1'hc brush has specific charaefers in different gases, 
indicating a relation to the particles of these bodies even in a 
stronger degree than the spark (1422. I42:i.). This effect Is 
in strong contrast with the non-variation caused by the use of 
different substances as conductors from which the brushes are 
to originate. Thus, using such bodies as wood, card, char- 
coal, nitre, citric acid, oxalic acid, oxide of lead, chloride of 
lead, (*arbonate of potassa, potassa fuso, strong solution of 
potash, oil of vitriol, sulphur, sulphuret of antimony, and 
hmmatite, no variation in the character of the brushes was 
obtained, except that (dependent upon tlieir effect as better 
or w'orsc conductors) of causing discharge w ith more or less 
readiness and ([uickness from the machine.* 

1455. Yhe following are a few of the effects I observed in 
different gases at the positively charged surfaces, and wdth 
atmospheres varying in their pressure. The general effect of 
rarefaction w'as the same for all the* gases : at first, sparks 
passed ; lh<^se gradually were converted into brushes, which 
became larger and more distinct in their ramificaTi ions, until, 
upon further rarefaction, the latter began to collapse ami 
draw in u])on each other, till they formed a stream across from 
conductor to conductor : then a few lateral streams shot 
out towards the glass of the vessel from the conductors ; 
these became thick, flossy, and soft in appearance, and 
w^erc succeeded by the full constant glow^ which covered 
the discharging wire. The phenomena varied with the size 
of the vessel (1477.), the degree of rarefaction, and the dis- 
charge of electricity from the machine. When the latter was 
in successive sparks, they were most beautiful, the effect of a 
.spark from a small machine being cqyal to, and often surpass- 


-o Exception must, of course, be made of those cases where the root of tJic 
brush, becominfj a sparh, causes a littlr ilifiusion or even decomposition of 
the matter there, and so gains more or less of a particular colour at that part.' 
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iiig, that produced by the constant discharge of a far more 
powerful one. 

1456. Air . — Fine positive brushes are easily obtained in 
air at common pressures, and possess the well-known pur- 
plish light. When the air is rarefied^ the ramifications arc 
very long, filliug the globe (1477.), the liglit is greatly in- 
creased, and is of a beautiful purple colour, with an occasional 
rose tint in it. 

Oxygen . — At common pressures, the brush is very 
close and compressed, and of a dull whitish colour somewhat 
purplish, but all the characters very poor compared to those 
in air. 

1458. Nitrogen gives brushes with great facility at the 
positive surface, far beyond any other gas I have tried : they 
are almost always fine in form, light, and colour, and in rare- 
fied nitrogen are niagniliccnt. "I'hey surpass the discharges 
in any other gas as to the quantity of liglit evolved. 

145!). Hydrogen^ at common jiressures, gave a better brush 
than oxygen, but did not equal nitrogen ; the colour was 
greenish grey. In raredied hydrogen, the ramifications were 
very fine in form and distinctness, but pale in colour, with a 
soft and velvety appearance, and not at all equal to those in 
nitrogen. In the rarest state of the gas, the colour of the 
light was a pale grey green. 

1460. Coal gas . — 'I he brushes were rather difiicujt to pro- 
iluce, the contrast with nitrogen being great in this respect, 
lliey were short and strong, generally of a greenish colour, 
and possessing much of the spark cdiaracter : for, occurring 
on both the positive and negative terminations, often when 
there was a dark interval,!, of some length hot ween the two 
brushes, still the (juick, sharp sound of the spark was pro- 
duced, asdf the discharge had been sudden through this gas, 
and partaking, in that respect, of the character of a spark. 
In rare coal gas, the forms were better, but the light very 
poor and the colour grey. 

1461. Carbonic acid gas produces a very poor brush at 
common pressures, as regards either size, light, or colour ; 
and this is probably connected with the tendency which this 
gas has to discharge the electricity as a spark (1422.). 
In rarefied carbonic acid, the brush is better in form, but 
weak as to light, being of a dull greenish or purplish hue, 
varying with the pressure and other circumstances. 

1462. Muriatic acid gas.^-nrlt is very difficult to obtain the 
brush in this gas at common pressures. On gradually in- 
creasing the distance of the rounded ends, the sparks sud- 
denly ceased w'hcn the interval was about an inch, and the 
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discharge, which wjs still through the gas in the globe, was 
silent and dark. Occasionally a very shorA brush could for 
a few moments be obtained, but it quickly disappeared again. 
Even when the intermitting spark current (1455.) from the 
machine was used, %till I could only with difficulty obtain a 
brush, and that very short, though 1 used rods yitli rounded 
terminations (about 0*25 of an inch in diameter) which had 
before given them most freely in air and nitrogen. Durijag 
the time of this difficulty with the muriatic gas, inagffiBcent 
brushes were passing off* from different parts of the machine 
into the surrounding air. On rarefying the gas, the forma- 
tion of the brusji was facilitatiid, but it was generally of alow 
squat form, very poor in light, and very similar on both the 
positive and negative surfaces. On rarefying the gas still 
more, a few large ramifications were obtained of a pale bluish 
colour, utterly unlfec those in nitrogen. 

14fi3. Ill all the gases, the different forms of disruptive 
discharge may be linked together and gradually traced from 
one extreme to the other, i. c. from the spark to the glow 
(1405.), or, it may be, to a still further condition to be called 
dark discharge ; but it is, nevertheless, very surprising to see 
what a specific character each keeps whilst under the pre- 
dornincnce of the general law. I'hiis, in muriatic acid, the 
brush is very difficult to obtain, and there comes in its place 
almost Jj. dark discharge, partaking of the readiness of the 
spark action. Moreover, in muriatic acid, I have never ob- 
served the spark wdth any dark interval in it. In nitrogen, 
the spark readily changes its character into that of brusli. 
In carbonic acid gas, there seems to be a facility to occasion 
spark discharge, nvliiist yet that ga.a is unlike nitrogen in the 
facility of the latter to form brushes, and unlikc'niuriatic acid 
in*its owui facility to continue the spark. These differences 
add furtlicr force, first to the observations already made re- 
specting the spc,rk in various gases (1422. 1423.), and then, 
to the proofs dcduciblo from it, of the relation of the electri- 
cal forces to the particles of matter. 

1464. "I'hc peculiar characters of nitrogen in relation to 
the electric discharge (1422. 145H.) must, evidently, have 
an important influence over the form and even the occurrence 
of lightning. Being that gas which most readily produces 
coruscations, and, by them, extends discharge to a greater 
distance than any other gas tried.^ it is also that which con- 
stitutes four fifths of our atiposphorc ; and as, in atmospheric 
electrical phenomena, one, and sometimes both the inductive 
forces are reside]it on the particles of the air, which, though 
probably affected as to conducting power by the aqueous 
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particles in it, cannot bo considered as ajgood conductor so, 
the peculiar pow^jr possessed by nitrogen, to originate ami 
effect discharge nn the form of a brusli br of ramifications, 
has, probably, an important relation to its electrical service in 
nature, as it most seriously affects the character and condition 
of the disclnyge when made. The whole subject of discharge 
from and through gases is a most important one to science, 
and, if only in reference to atmospheric electricity, dcserver 
extensi/e and close experimental investigation. 

Difference of discharge at the positive and negative 
conducting surfaces. 

1465. I have avoided speaking of this well-known pheno- 
menon more than was (jnite necessary, that I miglit bring 
together here what 1 have to say on the wabject. Wlieii the 
brush discharge is observed in air at the positive and negative 
surfaces, there is a very striking difference, the true and full 
cc>mprehension of which would, no doubt, be of the utmost 
iin])ortancc to the physics of electricity ; it would throw great 
light on our present subject, i. e. the molecular action of die- 
lectrics under iuduclion, and its consequences, and seems 
very open to, and accessible by, experimental impiiry. 

J 466. The differonce in question used to bo expressed in 
former times by saying, that a point charged positively gave 
brushes into the air, whilst the same point charged negatively 
gave a star. This is true only of bad conductors, or of 
metallic conductors (charged iutermittingly, or otherwise con- 
trolled by collateral induction.^ If metallic points project 
freely into the air, the positive and negativg light upon them 
differ very little in appearance, and the difference can be ob- 
served onjy upon close examination. 

1467. The effect varies exceedingly under different circum- 
stances, but, as we must set out from some position, may 
perhaps be stated thus : if a metallic wire with a rounded 
termination in free air be used to produce the brushy dis- 
charge, then the brushes obtained when the wire is charged 
negatively are very poor and small, by comparison with those 
produced when the charge is positive. Or if a large metal 
ball connected with the electrical machine be charged posi'- 
iively^ and a fine uninsulated point be gradually brought to- 
wards it, a star appears on the point when at a consideraible 
distance, which though it becomes brighter, does not change 
its form of a star until it is cloi^ up to the ball : whereas, if 
the ball be charged negatively, the point at a considerable dis- 
tance has a star on it as before ; but when brought nearer, 
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(in my case to the | distance of U- inch,) a brush formed on 
it, extending to the negative ball ; and i^hoii still nearer, 
(at jJ- of an inch distance,) the brush ceased, nnd bright sparks 
passed. These variations, I believe, include the whole series 
of difiercni'cs, and thfjy seem to shew at once, that thenegative 
surface tends to j’ctain its discharging ( haractej;. unchanged, 
wdiilst the positive surface, under similar circumstances, per- 
mits of great variation. . ^ 

I4f)8. 'Jhere are several points in the character the 
negative disdiarge to air wliichitis important to observe. A 
metal rod, O-.'l of an inch in diameter, with a rounded end 
projecting into the air, was charged negativcl}", and gave a 
short noisy hrush (fig. 8 ). It was ascertained both hy sight 
(1427. 14.‘JI5.) and sound (1431.), that the successive dis- 
charges were very rapid in ihcir recurrence, being seven or 
eight times more numerous in the same period, than those 
produced when the rod was charged positively to an equal 
degree. When the rod was positive, it was easy, by working 
the machine a little quicker, to replace the brush by a glow 
(1405. 1463.), but when it was negative no efforts could pro- 
duce this change. Even by bringing the hand opposite the 
wire, the only effect was to increase the number of brush dis- 
charges in a given period, raising at the same time the sound 
to a higher pitch. 

14()!). .A point opposite the negative brush exhibited a star, 
and as it was approximated caused the size and sound of the 
negative brush to diminish, and, at last, to cease, leaving the 
negative end silent and dark, yet effective as to discharge. 

1470. When the round end of a smaller wire (fig. 9.) was 
advanced toward® the negative brusli, it (becoming positive 
by induction) exhibited the quiet glow at 8 inc'hes distance, 
the negative brush continuing. Wdicu nearer, tlic pitch of 
the sound of the negative brush rose, indicating quicker inter- 
mittences (143U); still nearer, the positive end threw off 
ramifications and distinct brushes ; at the same time, the nega- 
tive brush contracted in its lateral directions and collected 
together, giving a j)eculiar narrow longish brush, in shape 
like a hair pencil, the two brushes existing at once, but very 
different in their form and appearance, and especially in the 
more rapid recurrence of the negative discharges than of the 
positive. On using a smaller positive wire for the same ex- 
periment, the glow first appeared op it, and then the brush, 
the negative brush being affected at the same time ; and the 
two at one distance became exceedingly alike in appearance, 
and the sounds, 1 thought, were in unison ; at all events they 
were in harmony, so that the intermissions of discharge were 
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either isochronous, or a simple ratio eJilsted between the in- 
tervals. With 41 higher action of the machine, the wires being 
retained unalteted, the negative siirfacif would become dark 
and silent, and a glow appear on tin; positive one. A still 
higher action changed the latter into aftpark. Finer positive 
wires gavtv>other variations of these efFe(*ttv which I must not 
allow myself to go into here. 

1471. A thinner rod was now connected with the negative 
conductor in place of the larger one (14()8.), its termination 
being gradually diminished to a blunt point, asinlig. 10, ; and 
it was beautiful to observe that, notwithstanding the variation 
of the brush, the same general order of cffe(;ts was produced. 
The end gave a small sonorous negative brush, which the 
approach of the hand or of a large conducting surface did not 
alter, until it was so near as to produce a spark. A fine 
point opposite to it was luminous at a dis1;ance ; being nearer 
it did not destroy the light and soinul of the negative brush, 
hut only tended to have a brush produced on itself, which, at 
a still nearer distance, passed into a spark joining the two 
surfat;es. 

1472. When the distinct negative and positive bruslies are 
produced simultaneously in relation to each other in air, the 
former almost always has a contracted form, as in fig. 11., 
very much indeed rcsemhliiig the figure which the positive 
brush itself has when iuHueneed by the lateral vicinity of posi- 
tive parts acting by induction. I'hus a brush issuing from a 
point ill the re-entering angle of a positive conductor has the 
same compressed form ^fig. 12.). 

1473. I'lic character of the negative brush is not affected 
by the chemical natur-^ of the substances of the conductors 
(1454.), bu^ only by their possession of the conducting power 
in a groa-tcr or smaller degree. 

1474. llarefaction of common air about a negative ball or 
blunt point facilitated the development of t\ie negative brush, 
the effect being, I think, greater than on a positive brush, 
though great on both. Extensive ramificationjj could he 
obtained from a hall or end electrified negatively to the plate 
of the air-pump on which the jar containing it stood. 

1475. Avery important variation of the relative forms and 
conditions of the positive and negative brush takes place on 
varying the dielectric, in which they are produced. The 
difference is so very grenji that it points to a specific relation 
of this form of discharge to ihe particular gas in which it takes 
place, and opposes the idea that gases arc but obstructioiis to 
the discharg(j, acting one like another and merely in propor- 
tion to their pressure (1377). 

VoL. V. — No. 27, September, 1840. 2 A 
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1476, In r//r, iuporiority of the positive brush is well 
known (1467. 147*2.). In uilrofjen^ it is a great or even 
greater tlian in air (r4o8.). In lujdrogen^ tli8 positive brush 
loses a part of i"s sa’pej*iorily, not being so good as in nitrogen 
or air; uhiUt the ifegativo brush does not seem injured 
(1459.). In ()j'}/</K'iu the ])osilive brush is compressed and 
poor (1457.) ; whilst the negative did not sink in character: 
the two were so alike that the eye frc(|ucntly could no^tell ' 
the one from tlu' other, this similarity continued when 
the (»xygcn was gradually rarefied,* In cor// f/as^ tlie brushes 
are dullciilt of production as compared to nitrogen (1460.), 
arid the [)ebitivu not much superior to the negative in its 
character, cither at cominou or low pressures. In carbonic 
acid (jas^ tins apj)roxiinatioii of character also oecurred. In 
mnriaiii' acid (jas tlie positive briisl* was very little better 
than the negative, and both dillicnit to produce (1462.) as 
compared willi tin; fiicility in nitrogen or air. 

1477- These experiments were made witli rods of brass 
about a quarter of an inch thick having rounded ends, the 
ends being opposed in a glass globe 7 inches in diameter, 
containing the gas to be experimented with. The electric 
machine was usoA to communicate directly, sometimes the 
positive, and sometimes the negative, state, to the rod in con- 
nexion with it. 

147S. Thus \v(i SCO that, notwithstanding there is a general 
diflercnce in favor of the superiority of tlie positive brush 
over the negative, that difference is at its maximum in nitro- 
gen and air; whilst in carbonic acid,jniiriatic acid, coal gas, 
and oxygen it diininislies, and at last becomes almost nothng. 
So that in this particular effect, as i’r'all others yet examined, 
the evidence is in favor of that view which refefs the results 
to ii direct relation of the electric forces with the molecules 
of the matter concerned in the action (1421. 1423. 1463.). 
.Even when special phenomena arise under the operation of 
the general law, the theory adopted seems fully competent 
to meet thq ease. 

147!). Before I proceed further in tracing the probable 
cause* of the difference between the positive and negative brush 
discharge, I wish to know the results of a few experiments 
which are in course of preparation : and thinking this Scries 
of Researches long enough, I shall here close it with the ex- 
pectation of being able hi a few weeks to renew the inquiry, 
and entirely redeem my pledge (1306.). 

Institution, Dec. 2;) rd, 1837. 
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XXIV. — On Blectro-Magnetic Forces. J.P.Jouli:, Esq, 

29. In resuming the relation of my researches, I shall dis- 
miss for the present the investigation of electro-magnetic forces 
as applied the movement of machines, and consider the laws 
which govern that peculiar condition which is assumed on the 
completion of tlie ferruginous circuit — the lifting or sustaining 
power of the electro-magnet. • 

30. Although this wondfcrful j)ropcrty is known to all, and 
a variety of forms has been given to the electro-magnet both 
as regards the bulk and shape of its ironj and the length 
and number of its magnetizing spirals, I am not aware that 
any general rules have been laid tiown for its manufacture, 
whicli is a circumstance the more to be^ regretted, fis it has 
led some to imagine that the different capabilities of various 
arrangements, are the consequence of causes too many and 
too recondite to he unravelled. I shall attempt in this paper 
to throw some light upon this subject, and shall descrilie a 
construction attended by far greater results than have liitherto 
been produced — It was my desire to make my experiments 
as exact as possible, and as 1 u isli the relation of them to be 
clear and (letinite, I shall begin with some observations on 
the measure of current electricity indicated by the galvano- 
meter, an instrument not only useful but absolutely csoontial 
in an Inquiry of this nature. 

31. The great difliculty, if not the absolute impossibility, 
of understanding experipients such as these and comparing 
tliein with one another, arises in general from incomplele des- 
criptions of apparatus, awd in particular fforii the arbitrary 
and vague iilunbers which are used in characterizing electric 
currents^ Such a practice might be tolerated in the infancy 
of the science, but in its present state of advancement greater 
precision and propriety are imperatively dertianded. I lia^ c 
therefore determined for my own part to abandon my old 
quantity numbers and to express my results on the basis of 
an unit which shall be at once scientific and convenient. 

32. That proposed by Dr. Faraday is, I believe, the only 
standard of this kind that has been suggested. His disetovery 
of the definite quantity of eleeiricity associated with the atoms 
or chemical equivalents of bodies, has induced him to use the 
voltameter as a measurer, and to propose that the hundredth 
part of a cubic inch of the mrxcc^ gases should constitute the 
degree* There can be no doubt that this system oiTers 
superior advantages to the experimenter in some circumstances, 

* Experiraeu^al Researches, Series rii. (730 ). 
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and ^\hon tlio above instrument is employed. However, as I 
am not aware that has been used in the r<»searches of any 
electrielan, not excepting those of Faraday himself, 1 have 
not licsitated to advarv'e wluit I think to be more' appropriate 
as well as more generally advantageous. It is thus simply 
stated. * r 

33. I . A degree ry^stalie elect ricitij is that quantity vdiirfi 
is just able to decompose nine grains of water. 2. A degree 
o/enrrewt electricity is thcy same amount propagated during 
each hmr of time ; and 3. Whore both time and length of 
conductor are elernoits, as in electro-dynamics, a degree of 
electric force, elect ro-inomentnrn, is indicated by that 

same quantity ( a degree of static electricity,) propagated 
through the space of one foot in one hour of time. W henever 
in future 1 speak oi degrees, I shall intend those which I have 
just defined. 

.34. As 9 is the atomic weight of water it is obvious liow 
greatly my degree will facilitate the ealcnlation of electro- 
chemical decompositions. 1 may in this jdace adduce an 
illustration from electro-type engraving : here, if a galvano- 
meter graduated according to my scale wore included in the 
circuit, it Avould only be necessary to multij)ly the degrees 
(33,2) of its indication by 32, the eipiivalent of coj)per, and 
this again by the time in hours during which the work has 
been eaix’ied on, to obtain the weight of copper in grains 
which has been precipitated, and tlun-c would tlierefore [)c no 
occasion whale\cr to disturb tlio arrangement until calcula- 
tion bad slanvn that the proper (quantit y of copper was (*ast. 
For iiistanc'c, in an experiment of my own, I caused two 
electrodes of copj/er to terminate iri-w solution of the su!j)liato 
slightly acidulated b}' sulphui ic acid. I'lie ncgatfvc electrode, 
upon which of course tlie copper was deposited, covisisted of 
a disc an inch and a half in diameter ; the positive, of a small 
coil of wire. A'* current of the mean (juantity ’.415 was then 
passed throu/ih the apparatus for one hour and a (piartcr ; 
hence, according to the rule, •4l5X32Xl*25=16-6 gr. the 
weight of copper which should theoretically be deposited. 
The (quantity, w ell washed and dried, was 15-C gr. Hie 
deficiency of one grain was the c\ident consequence of the 
consumption of a part of the electricity in the decomposition 
of water, whicli was plainly indicated by a slight evolution of 
hydrogen at the negative ])olc. 

35. The galvanometer of >vhieh I made use in the last scries 
of experiments* (14,) was connected with an apparatus fur- 


• ** Annals,” April, 1840. p. 47f>. 



nibhcll with very fine platinum wires. Voltaic currenis of a 
larj^c variety of #intonsities were then conducted through both 
instruments at Mice, and at the end ofl^^one, two, or throe 
iniimtes the circuit was broken, an<l the hydrogen inoasurod 
in a graduated glass tube. The mean of ten trials, none 
of which diffeivd materially from the rest^ added to half its 
bulk of oxygen, then corrected for teiiiperaturc, baroinetiical 
pressure juid force of vapour, and reduced to weight, gav(i 
*76 gr. of water decomposed in one hour by elcctri(!ity indi- 
cated by each unit of iny^ former quantity numhers ; hence 
11*8 of these last is equal to one deAjvta (d3,2) of my present 
scc'ile. — The dimensions of tlic single coil of tlie above galvano- 
meter are 12 inches by 0, and the deviation *of its needle for 
one degree (33.2) is 34 ' of the graduated card. I'Vorn these 
data it is easy to calculate with considm-able accuracy the 
value of the indications of any similar h>strument, hearing in 
mind that the electro-dynamic force produced by a constant 
quantity of electricity is directly as tlio iiiimher of cods and 
inversely as their linear diimmsions. 

3(J. dlie (juantities of elecli icily which were hrouglit into 
play in tlie suhs('(juenl experiments, were freepn ntly so groat 
that ihe needle of my galvanometer (14) was brought to an 
almost rectangular position when subject to tlicir inilueuce. 
1 have, tliereforc, de^ised a now measurer, which I tlatter 
myself will prove of greater service in some cases than the 
arrangement jiroposed for the same purpose by Mr. Ireinon- 
ger.* Fig. I, plate 4, is the plan of my instrument: c,c,isarod 
of copper bent and fastened firmly to a strong wooden frame : 
?//, is a magnetized cylindrical bar of steel, one foot long, and 
half an inch in diameter, ^uj)i>orted slightly above the centre of 
gravity, (like the ordinary balance beam,) by knife-edges rest- 
ing on h;’rd concave surfaces of steel ; a scale 6*, is attached to 
the nearer end of the magnet, for the purpose of receiving 
the weights by wdiich the intensity of clccti^jcity is measured. 
I^astly, ?*, r, is a rest, the under surface of which, the mag- 
net just touches when at zero. 

37. In using this apparatus, it is merely necessary to adjust 
the magnet to zero, cither by means of serew's, weights, or 
(perhaps the most convenient in practice) by the attraction or 
repulsion of a steel magnet kept for the purpose. Then, on 
making the necessary battery communications at c, c, the 
scale H wdll rise with a force estimated by the weight, in grains, 
tenths, &c., which is required to reduce it again to zero. In 
my instrument, I have found that one degree (33,2) is indi- 
rated by .69 gr. 

• “Annals/’ toI. iii. pp. 413, 414. 
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38. The value of Uiis new galvanometer, (the sensibility 
of which may be increased at pleasure by^multiplying the 
number of coils,) besides its usefulness in measuring copious 
currents, consists clii(;fly in its perfect independence of the 
terrestrial, as well as ?niy other ordinary magnelie influence. 
In every ]!Ossibl(> situation, provided tliat tlie mtenaity of 
the balance bar is constant, and that no intiu'ference is induced 
ajlcr the adjustment to zero, the transmitted (airrent is ex- 
actly propoiliorial to the weight lifted by the scale, and I 
should have as umcli eonfideuce in^voiking with it on an iron 
steam-boat as if every particle of iron \v(u*e removed entirely 
aw ay. 

31). 1 proceed now to desc ribe my clectro-magneiS, which 
1 had occatiou to construct of very diflerent sizes in order to 
develope any curious circumstance which might present itself — 
A ])iece of c^lindric'd wrought iron, eight inches long, had a 
hole one inch in diam(‘ter, Imred the whole Icngtli of its axis; 
one side was then planed until the hole was exposed sidliciently 
to separate the ‘‘jjoles” of an inch. Another piece of 
iron, also eight inches long, was then planed, and being se- 
cured with its face in contact wdth the other planed suilace, 
the whole was turned into a cylinder eight inches long, three 
inches and three quarters in exterior, and oik^ inch in interior, 
diameter. Hie larger piece was then covered w ith calico ainl 
wound w ith four copper wires (covered with silk) each 23 feet 
long and 1-1 1th of an inch in diameter, a quantity wdiich was 
just sufficient to hide the exterior surface aud entirely to fill the 
inside hole. I shall perhaps be better understood on reference 
to plate 4, fig. 2, where w, is the horst*. f'lioe’’ on wlik li I have 
draw n some lines«to illustrate the position of the conducting 
wire, a, is the armature aud ,v, 6-. &c., are scriAvs with eye 
holies for the purpose of suspension. This eloctro-irragnet is 
designated tso. 1, and the rest arc numbered in the order of 
their desciiptioii.» 

40. The iron which I used in the construction of a second 
was round, ^ and 2*7 in. long, and half an inch in diameter. 
It w as bent into an almost semicircular shape, and covered w ith 
7 feet of w'ell insulated copper wire l-20th of an inch thick, 
"i'he poles were half an inch asunder, and the wire completely 
filh^d the space hetwoen them. 

41. A third elcctro-maguct was made of a piece of iron, 
,7 of an inch long, .37 in. broad, and .1.5 of an inch thick. — 
Its edges were reduced to sucli an extent that its transverse 
section was a perfect ellipsis. This also was bent into a se- 
micircular shape ; and was covered with 19 inches of silked 
copper wire, one-fortieth of an inch in diameter. 
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42. Anxious to procure a still larger Variety, I made wliat 
might, from its tflxtrcrne minuteness, be termed an elevienUiry 
eh^clro-magnet.*' It was the smallest I believe ever constructeci ; 
and consisted of a ])iccc of good iron wire, one (quarter of an 
inch long and l-25th of an inch in diainctcn-. It was bent 
into a seimcircle, and was covered by three turns of uninsu- 
lated copper wire l-40th of an inch in diameter. 

43. U’he system of levers which was used in part of the 
subsequent experiments was foun^l to bo so ('onvenieiit that I 
am induced to describe it dn this place, although it may not 

involve any tiling essentially new In tig. 2. b, b, 6, are 

beams of aslg three incites square and ten fuet long, streng- 
thened by strong iron plating. Tliese are fastened together 
in pairs, by boauls nailed to their upper sides, i. ?, arc move- 
able iron bearings, and is the fulcrum, also moveable, and 
armed with iron; n\ arc strong pieces of wood which bear 
iqion the levers and carry the hooks which are affixctl to the 
elcetro-magnet jSo. 1, and its armature. — I subjoin some of 
the results obtained by this apparatus. The first coluniii con- 
tains degrees of current elei tricity (33,2). The second gives 
the products of the numbers in t!ie first column and the length 
in feet of wire vvi'ap[HMl round the magnet ; it contains there- 
fore, degrees of electric force (33,3). Lastly, the fourth ex- 
presses the w eight carried in pounds avordupois. 

TAJ1L15 I. • 

Klc'ctro-inaLynet, No, 1. (39)— Weiglit of iron, 151bs; length of wire, ^3 feet. 


Eleoiricily. 

Elec, force. 

do. (corrected.) 

Lifting pow i 

‘\8 

....18".4... 

0.5 

2.75 

1.8 

....41.4... 

14.4 


2.<i 

....59.8... 

21... 

....23 

• 3.8 

....87.4... 


....45 

8.1 

...186 ... 


...238 

10.9 

...250 ... 

88 

...WO 

4.3 

... 99.3... 


..070 

5.7 

...132.5... 


. .890 . 

8.0 

...198.7... 


.1000 

14.4 

....331 .. 


.1400 

21.0 

...497 ... 


.1800 

36 

...828 ... 


,.2030 


44. On one occasion the power necessary to break contact 
w'as 2090 lbs. or nearly nineteen hundred weighty which is 1 
believe a greater w^cight than any magnet has hitherto carried, 
and is certainly vastly superior to the performance of any of 
the same weight ; and I can shew (45. 50.) that this power 
great as it is, is not so much as is due to its peculiar shape. 
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45. The latter part of the above table was obtained experi- 
mentally before the first part, and in thoVmean time the 
proper insulation of the t oils from the iron was destroyed by 
an accident, and not ^laviu;^- tlie opportunity of rctitting tlie 
elect ro-ma^nct, I have been obliged to supjily the eoiTCctious 
of electric-force ?;een in the tliird column and calculated on 
the basis of the power obtained when the insulation w'as good. 
I can place great confidence in these corrections, but must 
couFess that I cannot givo»that whit h I suspect to be neces- 
sary in (4*4), I liave therefore relafod that experiment without 
mcutioiiiiig the el(*ctric Force. As however this uncertainty 
will not. malv'rially atF(M*t the subsequent observations, end 
only induces the suspicion that the maximum power of tliis 
electro-magnet is not yet attained, 1 have thought it best to 
relate that experiment (44) in the absence of the more com- 
plete (lata which I hope to advance in my next eomrnunicatmn. 

TAJJLK If. 


Klcctro-magnct, No. 2, 10o7 ffr. ; length of wire f I- 


Elootricity. 

Electrio-forre. 

Weight carried. 

'•51 .... 

3^*r>7 

20 

i'r)3 .... 

10-7 

38*5 

G-1 .... 

42-7 

49 

« 

TABLE III. 


Klectro-magnct, No. 

n, (11.) Wliyht 05-3 gr. 

; length of wire 158 //. 

0*4 

*6fi ....... 

5*5 

1-0 

1*58 

9 

2*0 ....... 

.316 « 

11 


40. With great care this small electro-magnet supported 
in one instance twelve pounds, or 1281) times its own weight. 

47. No. 4, the eight of which was only half a grain, 
carried in one instance 1417 grains, 01*2834 times its own 
weights 

48. It rciqnired great patience to w ork with an arrange- 

ment so minute as lliis last, and it is on this account that 
the above weight is not nearly so great as it ought to have 
been, the ndative power however wliicli I obtained with it is 
far greater than any that I had hitherto seen, and is more 
than eleven times that of the celebrated steel magnet of Sir 
Isaac Newton. , 

49. It is well known'that tlfc steel magnet should necessarily 
have a much greater length than breadth or thickness, and 
that the contrary shape h attended by the confusion of tho 
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poles and a general diminution of virtu^b, and Mr. Scoreshy 
has found that if# a large number of straight steel magnets are 
bundled together, the power of each ^hen separated and 
examined is greatly deteriorated.^ All this is easily under- 
stood, and finds its cause in the attempt of each pari of the 
system to yiduce upon the other part a contrary magnetism to 
its own. Still there is no reason wliy the principle should be 
extended from the common to the electro magnet, especially as 
in the latter case a great and commanding inductive power is 
brought into play to smtaiii what^tho former has to support 
by its own unassisted retentive property. All the preceding 
experiments support this position and I shall give a table in 
proof of its obvious and necessary consequence, — that the 
maximum power of the elect ro--magnet is directly proportional 
to its least transoerse sectional area* The first column con- 
tains the least sectional areas in square inches of the whole 
magnetic circuits. The maximum powers in pounds avoirdu- 
pois are recorded in the second ; and thcs(^ reduced to one 
square inch constitute the third, under the title of speci/ic 
powers, 

TABLK IV, 

Least Sec Area. Max.. Power. Spec?, Power. 

(No. I ... 10 2000 200 

„ . . ) No. 2 ... 0.106 40 250 

MyowuLlcctro-magnets..^^^ 3 ^ ...... 275 

(No. 4 ... 0.0012 ... 0.202 162 


El«!(lro-MnKnet at Ihr “ Man- 
cbushM-Vu to riuG. allpry, ’ made' 


by Mr. Nesbit: kaiKlh around M 
tlu? curve about lliipe feet, d.ui- 

IS ' 




4.5.. . .1428 317 

9 

3.94.. .750 190 

.196... 50 255 


nu’tpi of non 2^ iiu'hes; sec- 
tional aiva, .'i.7 iiiehes; do. of 
umuilure, d..*); weight of iion, 
about .')0lbH, • 

Prof. Henry's+, of iron, 2-inch ^ 
pquare ; ita ftiarp edges rouinl- L 
bd; weight 211bs.; length 20 i 
i nc h PS ro iind the cui vc . " 

Mr Slnrgoou'a (one of the first 
exhibited in tJii.s counhy) ; 
jlcDgth about one foot ; diame- 
ter half ail inch, 

50. These results are, I think, sufficient to prove the rule, 
if wo make an allowance for various sources of error. No. 1, 
is unfortunately made of a piece of unsound iron, and more- 
over is suspected not to have been saturated (45.), otherwise 
I have no doubt that its power per square inch would have 
approached 300, or, that.the whole would have been 6 or 7 
hundred weight greater. Again, the specific power of No. 4^ 


• Ma^nelical Inrestigations, pp. 37, 38. 
t Siliiman’s Journal, vol. xix. p. 404. 

VoL. V — No. 27, September, 1840. 


2 B. 
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On J^'.Uclro-Magnelic I'orces. 

f 

is smaller than the mean simply because of the extreme diffi- 
culty of making a good experiment with «it (48.). With 
regard to Mr. Ncsbii’s electro-magnet^ the bittcry used was 
so powerful ( 19 of pauicU’s two feet cells) and the quan- 

tity of conducting wire so very large (14 lengths of wire each 
*70 feet long and about l-14th of an inch thick), that^ts magne- 
tism must have been brought to the utmost possible pitch of 
intensity, which tberefore excelled the mean. On the other 
hand Professor Henry’s for the opposite reason exhibits a 
specific power much be/ow tne meaii.t 

51. The mean of the specific powers of No 2, No. 3, and 
of that at the ‘1 lloyal Victoria Gallery” may I think be 
hxirly taken for the expression of the maximum magnetic force 
of iron under ordinary circumstances, which is simply stated 
by the formula a’=280a where a is the least sectional area in 
squmc inches of tin? magnetic circuit (49.). 

52. Since the clement of /etifft/i has no place in the above 
formula and has in fact only a secondary inllucnco playing the 
part of an active resistance (55) which it requires a large addi- 
tiomil force to overcome ; it is obvious that in the direct ratio of 
its reduction, will the attractions relative to weight of iron in- 
crease. Hence the largo power, in this respect, of my short 
electro-magnets. Hence, also, I have no doubt that a rela- 
tive power of 10,000 might be attained, and by increasing 
the sectional area and at the same time diminishing the length, 
or, what is the same thing and indeed the only means of its 
performance, by incroasing the length and dimijiisbing the 
diameter of the cylinder (39) of No. 1, that a single pound 
weight of iron might bo made to carry 2 or 3 tons. 

53. All this c(?rroborates what J have before statedf with 
regard to the proper construction of the electro mannet for 
lifting purposes, and it is well illustrated by fig. 4, o4' plate xi. 
in the “ Annals” for last April : if, in that figure, the line 
between b and » (which has been omitted by the engraver) be 
drawn, it will be evident that in the case of saturjTtion when 
the magnets A and 11 are brought into contact, the oblique 
forces will vanish, and the attraction will consequently exist 
in the simple ratio of the smallest number of magnetic particle? 
opposed to each other. 

♦ I have had the pleasure of seeini? another electro-magnet of thi.« gentlt 
man's construclioa It is short and tliick, and consequently adapted for lift- 
ing a large proportional weight. 

f His coils consisted of nine lengths of copper bell wire, each 60 feet lonff. 
The battery consi'>tcdof a single pair, which was certainly not sufficiently 
intense to overcome the resistance of the wire, so as adequately to effect the 
saturation of the iron. 

► “ Annals” vol. iv. p. 60. 
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54. With respect to the magnetizing coils, 1 may observe 
that each particift of space through which a certain quantity 
of electricity is* propagated appears to operate in moving the 
magnetism of the bar with a force proportionate to the in- 
verse square of its distance from the sufface of the iron, and 
that when the tension or specific magnetism, is the same, the 
thickness of iron on which that particle of conducting space 
acts, has nothing (apart from resistance and other foreign cir- 
cumstances) to do with the whole effect. Now it may be 
mathematically demonstrated that, such being the law ; if each 
particle induce upon a large surface^ the resulting magnetic 
force will not vary much with the distance, but be a very 
constant (luantity for any distance which bears a small ratio to 
the dimensions of that surface. Hence it is that a coil within a 
hollow piece of iron has no power to monetize it;* in that 
case its energy is directed in equal quantities towards opposite 
directions, the ncaimess of one surface exactly counterbalanc- 
ing the size of its opposite. And hence also in the case of my 
large clcctro-magnct, where the surfaces arc large, every par- 
ticle of conducting wire w’ould perform its full extent of duty 
even if it were not quite close to the iron. 

55. When the interferences arising from tension are reduced 
to a minimum by completing the magnetic circuit and making 
use of a very small electric force, (*33,3) the resistance from 
length becomes a very sensible quantity,! varying probably 
in the direct ratio of that clement. Some idea of its charac- 
ter may be formed from the following table, where I have 
compared half the maximum powers of each elcctro-magnct 
with the electric forces (33,3) that produced them ; and, by 
dividing the former by the latter, I have a third column whicli, 
under the title of specific power, contains the quantity of lift- 
ing powey (of that degree of tension) due to an unit of elec- 
tric force. 

TABLE V. • 

Klee, forces. | max. power. Speciiic power. 

No. 1. 200' lOOOlbs 5,.ms. 

No. 2. 4.5 25 5.5 

No. 3. .06 5.5 9.2 

56. The electric force against No. 2 is rather larger than 
the truth, on account of the greater relative distance of its 
coils from the iron : if wa make on this account a slight ad- 
dition to its specific power, ve shall find that the results are 
in character with the observations in 54, 55, and that the 

• “ Scientific Memoirs,’* Part V, p. 1 L 

t “ Annals,” rol. iv. p. 59. 
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specific powers are the same for each, after allowance has 
been made for the resistance of lenytlt. ^ 

57. It is well known that when the galVanic circuit is 


broken, the armaturc^is retained in its place with very consi- 
derable force. I was^ anxious to try the capability of my cy- 
linder, No. 1, in. this respect, and have arrangedUmy results 
in a table, the first column of which contains the degrees 


(33,3) which were cut olF ; the second, the lifting powers due 
to these quantities of electricity; and the third, the power 
left after the current was broken. , 



TABLE VI. 


rjcc. force. 

lifting; power. 

retentive power. 


540 .... 

.33 

.... 

2!) .... 

40 .... 

.... n> 

14.5,... 

10 .... 

10 


58. There is considerable difficulty in making a good expe- 
riment with so powerful an electro-magnet as No. 1, when 
very small forces are measured. Nevertheless it is certainly 
the case that the retentive is very nearly equal to the lifting 
power with small quantities of electricity. Another curious 
circumstance presents itself in the very inferior retentive power 
of my electro magnet compared with those of considerable 
length. It is the natural consequence of its peculiar shape 

59. When the whole current is not cut off, but merely re- 

duced by the interposition of a bad conductor, a surprising 
(luantity of magnetism may be supported by a very small 
electric force. 1 subjected No 1 to OO"" (33,3) a quantity ade- 
quate to bring its power up to 560jbs., and then reduced the 
electricity to different degrees of intensity. are the re- 

sults. The first column cuntaiiis the degrees of clog trie force 
(33,3) to which the superior current of 90'^ was reduced; the 
second expresses the w^eight which is simply due to those 
quantities ; and the third gives the lifting power which the 
same quantities could sujyport. 


EJec. force. 

TABLE Vn. 
l<ifting power. 

Supported powi 

... 


2941b3 

21 ... 

23 

.. .. 210 

14.5 .. 


112 

6.2 ... 


63 

4.1 ... 

11 * 

56 


60. A battery of the size of a common thimble is quite suf- 
ficient to produce 31^ of electric force, and consequently 
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to sustain a magnetic power of about 300 pounds, and it is 
easy to perceive that, by increasing the size of the electro- 
magnet and tb^ quantity of its conducting wire, the same 
minute source could support a magnetic virtue of an indefinite 
amount. \ 

61. I must now conclude my remarks for the present. I 
intend, hbwever, shortly to construct an instrument of a still 
larger amount, both of absolute and relative power, than that 
described in 39 ; and I will only add that the form I have 
now given to the electro-magnet te the only one which will 
permit an unlimited increase of size without diminution of 
relative power. 

Note on Voltaic Batteries. 

62. Having had occasion about a year ago to construct a 
battery of great intensity, it became a great object with me 
to devise such an arrangement of the elements as should be 
both convenient in use, and wdien destroyed, easily refitted. 
Aftfr trying and rejecting two or three systems, 1 succeeded 
in producing one which answered my immediate purpose very 
well ; but as I was aware that experience was the only strict 
test of its value, I have hitherto refrained from presenting it 
to public notice. Now, however, that I have worked with it 
during nine or ten months, and have found it to possess every 
quality that can be desired; 1 hope in describing it to give 
the same facilities to others which I possess myself. 

63. I have nipresented a series of three elements in fig. 3. 
A, B, is the common divided Wollaston’s trough with the 
front side removed in order to shew the inside. Ihe black 
lines within the cells are rectangular pieces of strong sheet 
copper, bent on a gauge to the shape seen in the figure. 
Within these, z, z, z, represent plates of sheet zinc amalga- 
mated in those parts which are in contact with the dilute 
sulphuric acid, with which I always charge my batteries, and 
fixed in their places by pieces of hard wood furnished with 
grooves and extending the whole breadth of the zinc. Lastly, 
</, «, a, a, arc pieces of square wood with holes in their 
centres to admit the screw bolt 5, s, which secures the whole. 

64. When the battery is worn out, empty its trough and 
place it therein ; tlien unscrew the bolt and remove it and 
the pieces of wood ; change the old zinc plates for new ones, 
taking care in the mean time to see that those parts of the 
copper which touch the’ zinc are bright; then replace the 
pieces of wood a, a, &c. pass'the bolt through their centres and 
screw the whole tightly together. In this way I can easily refit 
three batteries, each consisting of ten pairs, (including the 
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amalgamation of fresh zinc plates,) in three quarters of an 
hour. • % 

()5. Of course IJIr. Smee’s battery may ‘be conveniently 
fitted up on my plan, 1 prefer however for ordinary use an 
electro-negative element of sheet iron before either copper or 
platinized silver. In using sheet iron it is welUto tin that 
part which is to touch the zinc in order to keep its surface 
bright, 

Cd. I have lately constructed a large battery un Mr. 
Sturgeon’s plan, and from hiy experience with it 1 am con- 
vinced that it presents a very superior arrangement of voltaic 
elements. It consists of eleven cast iron cell's each one foot 
square, and 1] in. in interior diameter. With eight pairs, 
arranged in a series of four, 1 can raise to a full red heat 18 
inches of copj)cr wire one tenth of an inch thick. 

liroom Hill, near Alanelu’ster, 21st Aiijjjiist, IS 10. 


XX\^ — Professor Van Kobki.l on a nciv kind of Electro- 
type Engraving^ hy tckich^ without the use of previously 
engraved plat es, impressions m the manner of Indian-ink 
Drawings are produced. — From the Gelehrle Anzeigen 
der h. huger. Akademie d. Wissensch. Nos. 88 and 89 — 
1840. 

It was the great and, indeed, remarkable advantages that 
practical science has already reaped from Jacobi’s application 
of the galvanic precipitation of copper that first induced me 
to make the following experiments, and which, to the best of 
my belief, are nej^v .* 

1 allude to the precipitation of a plate of copper into the 
surface of a painting or drawing in the indian-ink pnanner — 
the plate thus formed being capable of having impressions 
tlirown ofF froiq it in the usual way. 

It was easy enough to see that if we could succeed in giv- 
ing the surface of the colour a conducting power, there 
might, of course, be formed on it a coating of copper whose 
minutest details would correspond with our drawing. The 
kind of drawing in question however, that is to say, sketching 
on a polished surface makes it necessary to work up the co- 
lours employed with some oily or resinous substance, and this 
does away with its conducting power. Neither can we apply 
a coat of black lead or other similar conducting substance, 


* Most of the plates used by our English calico printers, &c. &c. are, I un- 
derstand, now produced by galvanic precipitation.— rrAMs/rt/or. 
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inasmuch as the most delicate tints and shades of the draw- 
ing would suffer ffom the use of the brush. 

i, therefore, set about trying to throw down a coating of 
copper into a sketch made on a plate of silver without employ- 
ing any such expedients, for as the copper precipitated by 
this process is thrown down in a crystalline form, and the ag- 
gregation of individual crystals in pure malleable metals rea- 
dily assumes the forms of plates, (inasmuch as their tesseral 
forms, when in thin films, so unitq together as to form such) 
it struck me that it wouhl bn a mere n^atter of time to cause 
depositions on non-conducting places tvhcii interspersed and 
surrounded wAlh good conductors. 

The experiment bore out my expectations ; and drawings 
in wax, varnish, copying-ink, &c. were covered wdth a 
deposit without any conducting power being imparted to 
tlicin, and this not unfrequently in a very short time. I liad 
fvecjucntly occasion to remark how little nodules of (iopper 
began forming at the centre of the non-conducting surface 
with which the lower plate was there entirely coated, tliesc 
nodules gradually running into each other, and forming lines 
and threads by faubso(iucnt aggregation. As it always requires 
from four to five days to obtain a plate thick enough to print 
from, it is the less necessary to impart a conducting power to 
the colour for the most delicate shades, that is to say, the 
thinnest films of the paint arc, for the most part, ccKnpletely 
coated over by the second day, leaving but a few patches free, 
the closing up of which may be hastened by the application 
of a coat of good conducting black lead, laid on with a paint- 
brush, for the drawing in the state in which it then is, is not 
injured by so doing, lio^jire having thus* recourse to the 
brush, the pli5^te is to be dried with bibilous paper. 

With regard to the method of forming the picture we wish 
to copy, the first thing is, that it should bo painted on a bright 
plate of silver or copper.* The painting is to bo executed 
with a single colour, which should be laid on with the clammy 
oil used in painting on china, and which is the residuum ob- 
tained from the evaporation of oil of turpentine. By w^ay of 
colour, we may use the red ochre of the porcelain painters. 
A solution of Dcinerara gum in oil of turpentine, duly thick- 
ened by an admixture of red ochre, mineral black, or some 

* Copper may be grounded with a coat of whiting, end on this, without 
difficulty, wc may draw with a fine {i^n, using a solution of sulphurct of po- 
tassium (with the maximum of sulphur) by way of ink. The black lines 
thereby obtained may be removed while yet moist by washing, the drawing 
being, nevertheless, visibly impressed on the copper, owing to a kind of cor- 
rosive action. 
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such substance, furnishes also a colour that is pleasant to 
work, and which dries rapidly. The colour is to be so ap- 
plied that the polished surface of the metal, where left bare, 
gives the brightest lights, while those parts that are more or 
less coated furnish the shadows. It is right to observe, that 
it is noways necessary that the colour should be laid on in a 
thick coat, on the contrary^ the more delicate and the finer is 
the execution of the drawing^ the sharper is its re-production 
in the copper-plate, and the sooner is this completed. 

The colour, when dry, should^ adhere firmly to the plate, 
otherwise a thin film of copper, which nothing but nitric acid 
can remove, gets in beneath it. The surface of the colour is 
not, however, to be quite smooth ; it must be fine-grained, 
otherwise the copper-plate precipitated into it will not take 
the printing ink. 

In some of the Experiments I mixed up formate of silver 
with the colour, ana exposed the plate to a gentle heat. 
Conducting points of silver were thus generated on the sur- 
face, whereby the covering of the whole, was hastened, but 
no such addition is, as before remarked, necessary. 

With regard to the precipitation of the copper, we may, 
for that purpose, use Jacobi’s apparatus, or we may employ 
a copper trough with a parchment frame, an arrangement 
which Professor Steinheil — following up Daniell’s plan— has 
introduced, or recourse may be had to Spencer’s arrangement. 

The employment of Jacobi’s arrangement has this disad- 
vantage, namely, that when the action has been going on for 
some time, the edges of the plate become too thick, forming 
rough borders, especially towards the corners ; besides, with- 
out frequently changing its positioy, the copper is not preci- 
pitated of equal thickness over tlie whole surface, and it 
requires a certain degree of practice to prevent fho metal 
running out into lines and branches upon the plate. The use 
of the copper trough has, it is true, its advantages ; by fre- 
quent use, however, it becomes so coated with copper that it 
is necessary to give it a new bottom on account of the wavy 
form the “old one assumes, besides there is more copper pre- 
cipitated by its use than the operation requires. The appara- 
tus that I have employed, and which I find answers the purpose 
very well, is composed of a flat-bottomed vessel of china or 
glass, and whose sides are two or three inches in height. 
A plate of copper is laid on the bottom of this vessel, having 
a strip of the same metal an inch and a half in width rivetted 
to it at right angles by w ay of conductor. This metal band, 
with the exception of its upper end, is insulated throughout 
by a coat of wax. 
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The dimensions of this bottom plate must be such that it 
should project about half an inch all round the plate on wliieli 
the drawing is made, the latter being piaced thereon during 
the operation. At first I connected the conducting strip of 
metal directly with the painted plate, ' but the edges of the 
plate thus- obtained were too ragged, and this is avoided by 
the above modification of the apparatus. Above these plates, 
and resting upon feet about a quarter of an inch high, there 
is fixed a frame with parchment stretched across it, or, in 
other words, a tambourine. In this there are laid a couple 
of small glass rods, and on them a plate of amalgamated zinc^ 
the metal being thereby prevented from coming into contact 
with the diaphragm. To establish the connexion, I make use 
of a copper plate somewhat smaller than the zinc plate, and 
resting on it, and furnished with a ribbon of copper about an 
inch and a half wide. This strip of metiil either dips down 
into a channel filled with quicksilver adapted to the strip in 
connexion with the lower plate, or the two bands are con- 
nected by a binding screw. The employment of mercury, in 
making the connexion, requires care, for if any of it gets 
thrown into the lower plate as it lies during the operation, a 
thing likely enough to occur in inserting or withdrawing these 
strips, there is formed an amalgam with the copper to the 
destruction of the plate. It does not answer ecpuilly ^vell to 
employ a wire in lieu of the broad comiecting strip of metal, 
for oil doing so we find the precipitation considerably weakened. 
The glass vessel up to the spot to which the frame when in- 
serted comes, is to be filled with a concentrated solution of 
sulphate of copper, and water moderately acidulated with 
sulphuric acid is to be po;;’'ed on to the zim^ plate to the depth 
of a few lint's. To keep up the precipitating action of the 
fluid, ciystals of sulphate of copper should be scattered round 
the (’opper plate. From time to time 1 renewed the upper 
fluid, and replaced the zinc plate wdicn coasiderahly eaten 
away. Inconsiderable deposits of copper on the parchment 
may be scTatehcd off, but if they increase to ary extimt, 
new membrane must be used. Instead of siicli a tambouiiii , 
it may be mentioned, wo may employ a trough of half-burnt 
clay, porous enough to allow of the percolation of the fluids, 
but in this case the precipitation is by no means so rapid. 

lly following the plan I have recommended, I have, in from 
four to six days, obtained plates four inches square, and above 
a line in thickness, and tolerably even throughout. When 
the surface is waved and uneven I withdraw the plate, and 
having dried it with bibulous paper, I file it down till it is of 
uniform thickness. I then replace it and allow the operation 
VoL. V. — ^^lo. 27, Septetnhery 1840. 2 C 
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to proceed as before. Occasionally, also, I have covered 
particular spots with wax to allow others thii; were lower to 
increase to the height of the former, and the plate has then 
been filed smooth. It* is advisable to direct one’s attention 
from time to time to tfie thickness of the metal so as to turn 
round the thinnest edges of the plate under the pArts of the 
diaphragm where the action is the strongest. To endure a 
rapid and comjiact precipitation, it is above all things requisite 
that the solution of copper vshould be constantly maintained 
at the point of saturation. The hubbies of air tliat adhere to 
the plate on its first immersion may be removed with a camel- 
hair pencil. It is only at the commencement of the process, 
that is to say, till the picture is coated over, that the opera- 
tion demands our attention. 

When the plate h^s attained the desired thickness, the edge 
all the way round is to be filed away, upon which, generally 
speaking, the two plates separate without difficulty. To ren- 
der the plate we thus obtain fit for furnishing impressions, all 
we have to do is to clean off with aether any particles of colour 
adhering to it. 

The impressions have the appearance of Indian-ink draw- 
ings, and the tone of colouring is extremely delicate, a fact 
the painter ought not to overlook. 

I think that the accompanying specimens will* bear me out 
in the idea that this modification of the electrotype process is 
the more deserving of the attention of artists as it enablc*s 
them, and that without much previous knowledge on the sub- 
ject, to throw off copper-plate impressions of any sketch or 
picture. It need scarcely bo remarked, that the graver may 
be subsequently applied to a plate .thus produced, supposing 
we wish to heighten the effect of any particidai^ part of the 
engraving. From what has been said, it will be Sfcen that 
the process is by no means an expensive one. 

Translated by 

W. G. LETTSOM, Esq. 


* Wo have srvcral beautiful specimens of printing from this style of 
clcctro-type, which were sent to us with this paper j also one electro-type 
plate, with the picture of a tree, from which we give a copy ip the electro-type 
plate.— E dit. 
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XXVI. — On Jthe Analysis of Limestones^ especially the 
Magnesian kind^ and a method of a^mpletehj separating 
Lime from Magnesia^ when both ^re present in large 
quantity. By Robeut E. RooeusJ M. D. and Martin 
IL 

Carbonate of lime, associated with more or less carbonate 
of magnesia, forms the principal ingredient of limestones. 
In some varieties the latter substance appears only as a trace, 
while in others, it amoadts to nearly 50 per cent, of the 
mass. When the proportion of the carbonate of magnesia 
is very considerable, the rock is termed magnesian limestone, 
or dolomite, the latter name being mostly applied to the crys- 
talline varieties. Variable quantities of other substances, as 
silica, alumina, and the oxides of iron, and manganese, are 
generally associated to some extent with the above principal 
constituents. 

The Silica is usually either in the free state, in the form 
of small transparent grains of quartzose sand, sometimes im- 
▼'''Ipably minute, or in chemical combination with the alumina 
andiron, (clays, &c.). 

The extensive use made of limestones in the arts and agri- 
culture*., as mortars, cements, fluxes and manures, renders it 
a matter of great importance to procure a certain and expe- 
ditious process for their analysis, especially as tflerc c?xists 
great diversity of opinion respecting the relative eSiciency 
of the several constituents. 

We proceed to describe a mode of analysing calcareous 
carbonates, which we have found in practice both certain and 
expeditious,* and, therefore, preferable, we conceive, to the 
method^ generally in use, which demand extreme care and 
considerable time to furnish accurate results. The method 
here proposed, we have adopted with succcij^s in an extensive 
series of analyses performed for the geological survey of the 
state. 

The limestone is first finely powdered, when a given weight, 
about 30 grains, is digested in chlorohydric acid, in the ordinary 
way, evaporated to dryness, moistened with chlorohydric acid, 
and re-dissolved and filtered. The silica and a large part of the 
other adventitious substances arc thus left upon the filter. They 
are then calcined and weighed, a correction being made for 
the weight of the ashes of the filter. These steps give the 
amount of the insoluble matter. 

The filtered solution, containing besides the lime and mag- 
nesia, portions of alumino and oxides of iron and manganese, 


* Journal of the Franklin Institute. 
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is neutralised with ammonia, avoiding an excess, and then 
precipitated with sulphhydrate of amraoniunlj^a small quan- 
tity of which will ugJUally suffice. When the precipitate has 
subsided, it is filterecU the funnel being covered with a glass 
plate, so as to exclude the atmosphere, and then washed with 
water containing a few drops of the sulphhydrate*of ammo- 
nium. The filter, with its contents, is then removed, pressed 
between bibulous paper, dried and calcined. The alumina, 
and oxides of iron and manganese are thus obtained together. 
When their quantity is such as io reipiire them to be sepa- 
rately estimated, it can be done in the ordinary way. 

In determining the lime and magnesia, a fresh equal por- 
tion of the powdered mineral is employed, which is ilecoin- 
posed by a sufficient quantity of dilute sulphuric acid, willi 
the aid of heat. W^ater is then added so as to fill the vessel 
iij) to a given mark, after which alcohol of known strength is 
introduced in such proportion as to make the whole solution con- 
tain 40 or 41 per cent., (estimated by volume) of alcohol. The 
alcoholic solution of this strength jirecipitates entirely the 
sulphate of lime along with the insoluble matters. When the 
precipitate is settled, it is filtered under cover of a glass plate, 
and repeatedly washed with dilute alcohol of the same 
strength, as that previously employed, until a bavytie solu- 
tion indicates no trace of sulphuric acid. The whole is now 
calcined, «and the weight of the insoluble matters as already 
ascertained, being deducted, we obtain the amount of svh 
phate of Umc^ from which wc compute that of the carhortaie. 

The filtered solution now contains the sulphate of magne- 
sia, and an iiiconsiderabl(3 portion of the sulphates of alumina, 
iron, and manganese, besides an ociccss of sulphuric acid. — 
It is to be evaporated until all the alcohol is (Impelled, and 
then precipitated by pure carbonate of potassa, witli®the pre- 
cautions usually prescribed. The magnesia, alumina, and 
oxides of iron and manganese, thus ])rccipitatcd, arc filtered, 
washed and calcined. iSubtracting from the weight of the 
whole, that-of the three latter previously ascertained, we find 
the amount of the magnesia, which is to be estimated as car- 
bonate. 

I'he separation of the lime in the form of sulphate from 
magnesia, by an alcoholic solution, is so complete as to make 
it unnecessary to estimate directly the magnesia, except when 
we desire to chock one result by the other. The above pro- 

♦ Alcohol of this strength has a specific gravity of 0.951 to 0.949 at 60o Far 
and marks between 17° ami 18 ’ Jlaumc. Alcohol of the shops (alcohol rec- 
tificatus Lond, Phar.) marking .54^ Pennsylvania proof— has a specific gravity 
of 0.805. Five volumes of this, and 6 a 6} volumes of water, will give a very 
suitable mixture for the above purpose of analysis. • 



205 


On the Analysis of lAmesiones^ 


rcss, it need hardly be said, will apply equally to the anah sis 
of other substjyices than limestones, in which lime and mag- 
nesia abound, for we have only to precijl)itate these earths as 
carbonates, convert them into sulphates, and then treat them 
with dilute alcohol after the manner deifecribed. 

We present the following analyses by way of illustration 
1. A white crystalline dolomite, from the iK'ighbourliood 
of Montville, New Jersey. Spacijic gravily — 2.853 

A portion, 1.469 grammes, w^s raised to a dull red heat, 
and the water, which was received in a tube containing chlo- 
ride of calcium, was found to weigh .007 grm. or .48 per 
cent, This small amount of water is not exj>clled at the tem- 
perature of boiling water. 

Two other portions of the powdered mineral, treated after 
the manner described, gave these results,: — 

Ter cont. 


Insoluble matter 04 

Alumina, ox. iron, and ox. manganese 15 

Sulphate of lime, and insol. matter 76. OJ) 

Magnesia, alumina, and ox. of iron and manganese 20.70 


By subtracting the insoluble matter .04 from the joint 
weight of the soluble matter and sulphate of lime 76.09, 
we get 76.05, and subtracting the alumina and oxides of iron 
and manganese from the joint weight of these and the mag- 
nesia, we have for the magnesia 20.55 

A reference to the annexed table, the use of which will be 
explained, shews that 76.05 per cent of sulphate of lime is 
equivalent to 31.54 per cent, of lime, or to 56.11 per cent, of 
carbonate of lime. 

It also appears that 20. J3 per cent, of niagnesia is equiva- 
lent to 42.54 of carbonate of magnesia. The result will, 

.1 A ^ 1.1 


therefore, stand thus : — 

Carbonate of lime 56.11 

Carbonate of magnesia 42.54 

Alumina and oxides of iron and manganese 0.15 

Insoluble matter 0.04 

Water 0.48 


99.32 

Were we to estimate the magnesia in this case by the loss, it 
would be 43.22 carbonate of magn. equivalent to 20.88 mag- 
nesia, or 0.33 per cent, more than the amount found by direct 
estimation. 

With a view further to shew that the whole of the lime is 
procured by the above method, and therefore, that we may 
safely estimate the magnesia by subtracting the carbonate of 
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lime and other ingredients directly got from the weight of the 
mass, we subjoin the following example of a ^ecimen found 
to contain no magnefia. 

2. A white crystalliRC, imperfectly saccharoidal limestone, 
from near the mouth oTf Yellow Breeches Creek, Susquehana 
River, Pa. . ' 

From one i)ortion of the powdered mineral, treated with 
chlorohydrie acid, we obtained 

Insoluble matter 2.3 percent. 

Alumina 1.2 „ 

Ox. of iron and manganese none 

Another portion treated with sulphuric acid and diluted al- 
cohol of the proper strength, gave 

Insoluble matter and siilph. lime 133.19 

Table for calculaling lime and carbonate of lime from ike 
magnesia from magnesia or its snlpfiate* 




1 

2 

ISulphateof lime 

Lirao 

0.115:32 

0.8300 1 

Sulphate of lime 

Carbonate of lime 

0 73780 

0. 17501 

IMagnesia 

Carbonate of magnesia 

2.07002 

4 14004 

Sulx)hale of magnesia 

Magnesia 

0.34015 

0.08030 


The first vertical column of the table contains the names 
of the substances, from a known weight of which we wish to 
compute the weight of the substances embraced in tlie second 
column. The figures in the horizontal lines represent the 
quantities of the substances nam^d in the second vertical co- 
lumn corresponding to those quantities of the ssibstances in 
the first column, which are signified by rhe numbeep at the 
head of each vertical division of the table. An example will 
render the modaof using the table sufficiently plain. 

In the first analysis, the amount of sulphate of lime was 
76.05. To. ascertain from the table the quantity of carbonate 
of lime equivalent to this amount of sulphate, we find on the 
horizontal line appropriated to the carbonate, the quantity 
due to seven parts of the sulphate — namely, 5,16463, then 
the quantity due to six parts, namely, 4.42682, and then 
that equivalent to five parts or 3.68902. By arranging these 
in their proper decimal order, so as to impart to the several 

• This fable is taken partly from H. Rosens Analytical Chemistry, vol. ii., 
and partly calculated for the present purpose. I'be principle of this method 
of calculating analytical results was first set forth by Poggendorf, in his An- 
nals, Tol. xxt, and has since been extensively carried out by H. Rose in his 
work j ust mentioned. 

f The Tabic in the middle is to be read through both pages.— -E dit. 
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Subtracting the insoluble matter, 2.3, from the sulphate of 
lime and insolqjDfe matter, we have sulphate of lime 130.80 
per cent., which is equivalent, as the I table will shew, to 
96.3 per cent, of carbonate of lime. • ' 

The amount of water as derived froSi a third portion was 
0.2 per ednt. Our analysis therefore stands thus : — 


Composition in 100 parts — 

Carbonate of lime 96,3 

Carbonate of magnesia none 

Alumina 1.2 

Insoluble matter 2.3 

Water 0.2 


100.0 

sulphate of lime^ and also for calculating the carbonate of 


3 

4 

5 1 6 

7 

8 

9 

1.2409(5 

1.6612S 

2.07660' 2.49102 

1 

2 90721 

3 32256 

3.7.3788 

3.213 11 

2.95121 

3.68902 4.42682 

5.16162 

5.90242 

6.61023 



10.3501 ij 12.42013 

11.49015 

16.56017 

18.63019 

1.0204,0 

1.36060 

170075 2.04009 

2.38105 

32.72120 

3.06135 


amounts taken from the table, the value they sire intended to 
have as units, tenths, hundreths, &c., and then performing 
a simple addition, wc get the amount of carbonate corres- 
ponding to the whole quantity of the sulphate. 

The figures will stand tljps ; — 

Sulphate of lime 76.05 


51.6462 

4.42682 

.000000 

368002 


Carbonate of lime 56.1099102 
In the same manner, 20.55 of magnesia will be found to 
be equivalent to 42.54 of carbonate of magnesia — thus : — 
Magnesia 20.55 


41.400 

00.000 

1.035 

1.03 


Carbonate of magnesia 42.538 
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As it may be sometimes convenient to evaporate the mag- 
nesian solution to dryness, ignite it, and fron¥ the sulphate of 
magnesia thus proci|Td, compute the magnesia or its (carbo- 
nate — we have introdyfted into the table a column to facilitate 
the calculations. 


XXVII . — Extract of a Letter from W. Snow Harris, Esq, 
F.Il.S., to jMr. W. Stur^mi. 

Tluc siiiq)lioity and eonvc'iiieueo of iny plan of fixed con- 
ductors having been in the year 18i20 generally aduiittcfl, tlie 
Navy Hoard were led to institute some further in(|uiii(:s into 
th(.‘ general (dfeets of lightning on sliip-board, and I was 
called upon to she w that the connexion of my conductors 
tv'iili the sea througli the imctallic masses in the hull was in no 
way detrimental to their action, or liable to obji'ctiim as in- 
volving any danger to the vessel — fluv c'h'xtrical discharges 
might as safely become dispersed this way as by a lightning 
chain hung in the rigging, perha})s more so, consideiing that 
these conductors were massive and continuous, and linlaul 
with the various metallic masses in the hull and sea into one 
general whole. 

I was fiirtluir called upon to explain Avhat had been the or- 
dinary course of lightning on ship-hoard, and what would, in 
all probability be the efTccts of ele,ctrical discharges upon my 
conductors. 

In ord(w to meet the views of the officc'Ts of the Board, as 
madiJ known to inj; at that time, I naturally enough resorted 
to such practical experiments and"* obsenations ag were within 
my reach, and calculated to bear immediately upon the pinnts 
in (iiiestiou : 1 cited numerous instances of ships striick by 
lightning, in wljich heavy discharges had bec3n safely trans- 
mitted to the sea through the intervention of the keelson bolts 
and other metallic bodies passing througli the hull, ajid which 
were shewn to have been of such freijiient occuncnce as to l(3ad 
to a common observation among sailors, recorded in the Phi- 
losophical Transactions, that when the lightning had reached 
the well the danger was over. By way of shewing tlie opera- 
tion of viy coiuluctors through the half I*resortcd to the ex- 
periment you lirst loosely notice — strong charges liom twenty- 
five squai'e feet of coated glass were passed over a vessel’s 
masts, fitted with the conductors, so as to shew tlie perfect 
lacility with which the charge, pervaded the hull and the sea 
at the same time : the charge was adequate to the fusion of 15 
feet of small iron wire— iicrcussion powder was. placed over 
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the joints of the conductors on the mast, and the wsliding masts 
were put in mo^oh at die time of the passing of the charge, 
and placed in different positions at each |.'petition of the ex- 
periment. I believe, any one must peic^ive, that the experi- 
ment shewed — 1st, The perfect operation of the conductor 
through the hull. 2nd, Its continuity. 3rd, Its coinpleto 
operation, under every possible position of the mast, which 
was required to be done. 

You, however, shut your eyes Jo these plain deductions, 
and tell your readers tlia|^ the experiments prove nothing 
jieculiar to my system of conductors, and serve only to 
shew that copper is a conductor of electricity, and that 
detonating powder can be ignited by an electric spark; 
and this is what you call giving a fair and candid ex- 
planation of my experiments before tlje Navy Hoard at 
Plymouth.” Now, I never asserted that any other conductor 
would not convey an ch^ctiical charge to the sea. My expe- 
riments ivere never Insliiuted under such an impression: they 
shewed, however, the continuity of the copper jilates along 
the masts in the way I liad disposed them ; for hacl detonating 
])owdcr been placed in a similar way about the conductors then 
in nsCy it would have inflamed, if exposed to a similar charge, 
'i'beso cx])(uini(mts were subsequently earned out in the 
Tluimcs, opposite Somerset House, and again at J'lymouth, 
on a very extensil e scale, and in various ships of ffic navj'^, 
and were admitted by all who witnessed them to have an im- 
portant bearing on the question of marine lightning conductors. 

You inquire, whether you have not pointed out other expe- 
riments with which I ought to have made the Navy Board 
acquainted.? Do you, thej\» 4 gally imagine* that the simple 
facts to which«you allude, and which are known to every tyro 
in electricity, were not also well known to the officers of the 
Board ? 

Are you serious, when you say, I ought to hHvc shewn the 
officers that a wire heated iied-iiot by electricity would ignite 
gunpowder ? and that an intcrniption in the conductor, by a 
cut of a saw, would cause an electric spark in the opening ? 
However ignorant you may suppose the officers of die Boai d 
to have been of this subject, they certainly understood the 
matter very much better than you appear to do ; they did not 
require such hom-book information : they entered veiy fully 
into the merits of the question, and left no point unexplored.- 
They required of me infonnation respecting the relative con- 
ducting powers of different metals ; their respective resistance 
to fusion by electricity ; the ratio in which they became heated 
either by the same or different quantities of electiicity ; th^ 

VoL. V. — No.* 27, September, 1840. 2 D 
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quantity required to lioat wires of different diameters to the 
same degree, &c. &c. hlxperiinents for thti perfect elucida- 
tion of which, in nuicting their views, £ was ooliged to invent 
new electrical apparAuj;, and exhibit the results in a way not 
before done. ^ 

I come now to ^tlic experiment you have characterised as 
shewing nothing more than the effects of gunpowder “blowing 
asunder two ])ieces of wood.” This experiment Avas made to 
meet the inquiries of the Hoard as to the effect of a condu(*tor 
incorporated with tJjc mast, in coiifinintj the dhehanje to Us 
sfir/hce, and preventing it fro?/? cnirrinff the wood. 

My lirst illustrations were confined to small models about 
four or six inches in length, which could be spl'nitf^red by tbo 
force of a heavy bafterv, and sared from damage by tlie a])j)li- 
cation of metallic leaf along the surface ; but being desirous 
to exhibit llu^ same result on a largtT scale, and shew bow 
eompletely tlie sur/ace conductor directed tin* cliarg(j without 
entering the iiiteTior, I tried the oxperinK'ut under new and 
\ eiy delicate circimistances. A ino(h‘l of a mast, about ten 
feet in length, was made in parts, and an iuteiTiipted line of 
metal ])assed ihroinjli it, percussion powd(‘r being ])laccd in 
the intoiTuptions ; a conthiiious conductor was attacluMl to its 
exterior^ and both connected at a eoniinon point of junction 
outside the model, so as to give the electrical shock the choice 
of ])assiug in tlu^ direction of either or both. In no case did 
the heavii'St explosion enter the mast whilst the exterior con- 
ductor remained. In fact, it was safe both from a direct, and 
what you call a “lateral discharge.” This result b(‘iiig first 
exhibited, the sitperjieial conductor was removed, and a simi- 
liU’ chaj-ge passed^n order to shew by the explosion of the 
potvder within, that iIk^ reason 'ot* Its failing to eg:plode in the 
former case, was owing to the presence of the exie^or con- 
ductor. 

Now this roselt, hearing so directly on the application of 
conductors to the masts, and which every one will, £ imagine, 
deem concljLisive and fair, you briejtg cm-ricaturc as the “ blow- 
ing asunder hvo pieces of wood by gunpowder f and accuse 
me of endeavouring to persuade the ibitish Association that it 
is a “fair representation of the effects of lightning on a sliij^’s 
mast;” and this you call also a}} explanation^'^ of wy ex- 
periments. I can only account for such gross misrepresenta- 
tion by supposing what, I believe, Js after all, not far from 
the truth, that you are really ignqrant of the subject on which 
you have attemp'ted to write. 

Thus ill sec. 202 of your memoir, you say, “ this kind of 
lateral discharge will always take place when the vicinal bodies 
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arc sufficiently cajiacioiis and near to the priiicij)al conductor 
wliicli carries the priuiitivc discharge, or to any of its metallic 
appendages;^’' and in see. 108 and 199 ion say, that witli a 
siiuill jar of a quart capacity only, “ can produce lateral 
discharge;^, hall-inch long, and at a distance of 50 feet from 
the direct discharge. Thai a dischai'ge from such a jar 
iMiTA'i’E a flash of lightning striking a similar conductor on a 
mast.” In my experiment, which you so much abuse, we 
hare actually all the conditions yon yourself point out as es- 
sential to the exhibition of •your own results, supposing them 
to be according to the course of nature. I low then does it 
happen that we can ])ass the heaviest “prinfltive discharges” 
along the exterior conductor wilhoul in any way effecting the 
detonating powder ivithin? If what you say be true, the 
model should bo blown asunder in consequence of the dis- 
charge passing down the exterior conductor. IIowcv or much, 
tluu‘idbre., you may choose to detract Irom this exj)eriirient, it 
is \)y your ow’u iulmission consistent with the course ol‘ nature. 
What would you have more ? 

These experiments, to whieli you have alluded, form only 
a part of those originally employed — ^thcre wenj a gn^at variety 
of f)thors, sueli as the disper.sions of strips of leaf gold in cer- 
tain directions only, when idaced in the same relative position 
as the conductor on tlie mast — the expansive eflects of the 
cliarge on various bodies — ^liision of wires, and such like. In 
short, tlic series was as complete as could bo desired : the ex- 
periments were examined by a Committee of the Royal Society, 
by Sir Humphry Davy, Dr. Young, and Dr. Wollaston; the 
latter entered minutely into the matter, and in a letter to the 
Comptroller of the Navy, theffi his uftqiialifiod approba- 
tion. I suppose Dr. WollastoiCs judgment will he considered, 
at least equal to your own. 

You will excuse my cutcring into the detail of my kite cx- 
periments. Having been for the last ten yeltrS an observer of 
atmospberic electricity, and having had an atmospheric con- 
ductor leading into my study, it would be remarkable, indeed, 
if 1 had allowed the common electrical kite to liave escaped me. 

Do you wish to persuade yourself” into a belief that your 
occasional amusement with this piece of philosophical appa- 
ratus entitles you to become a philosopbical dictiitor ? 

With whatever self-complacency you may regard your em- 
ployment of the kite, th^ effects you mention are very common- 
place^ and are as distinct from the effects of a concentrated 
flash of lightning striking a ship, in the way described by 
Lieutenant Sullivan, of the “ Beagle,” as it is possible to be. 

You ask pie to what kind of electrical action 1 attribute the 
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bursting of tlie hoops in the ‘‘Rodney,” &c. To no electri- 
cal action at all, properly so called ; but, /is Priestly lias 
already shewn, to the efieots of sudden expansion. He says, 
“the cause of this (i^persion, &c. &c. of bodies in the neiyh- 
hourhood of electrical explosions is not their being suddenly 
charged with electrical matter, but the air being^ displaced 
suddenly, gives a concussion to all bodies that may happen 
to be near.” Did you never see such effects illustrated by ai- 
tificial electricity ? "Wliy, pven children who use an electrical 
machine as a toy, arc acquainted ^rilli the propulsion of a small 
ball from an ivory morUir, by the (ixpansive force in the sur- 
rounding air caused by a (lensc spark. Sm*ely, the experi- 
ments detailed by Cuthbortson, to shew the bursting open of 
wood and other bodies, by the expansive effects of tlie elec- 
trical explosion, must be known to you. 

One would almost imagine by your pultuig such a question, 
that you w-crc really uninformed upon some of the commonest 
experiments in electricity. 

Your question, whether T think it “more prudent to load 
lightning into a sliip or keep it out,” is a plain piece of sophis- 
try, If meant as an argument against my method of eqaaliziny 
the electrical action upon the general mass of the hull and 
8ca, is as deficient as any thing can be. It is, like many other 
similar efforts in your memoir, a deceptive and sorry appeal 
to the feqrs and irrejudices of Lite igjjorant, by imposing 
upon their credulity, and leading them to imagine that my 
conductors lead lightning in an explosive form into the ship, 
and deposit it there as so much cargo, than which nothing 
can be more fallacious : almost every one acqmdnted with elec- 
tricity knows, thaUthe gioiit us^£;.a lightning conductor is to 
equalize, in a rapid way, densc*^ electrical discharges, and so 
rob them of their explosive power by taking down their ten- 
sion. 

So far, thcrcfiu’c^ from my conductors leading lightning into 
the ship in the way you would have it supposed^ they virtually 
come under, the “ prudent part” of your question, and keep 
off the explosion altogether, by dcj)riving the charge of its 
mischievous tendency directly it strikes any where upon the 
conductors aloft. Now, it should never be forgotten as an 
important feature in this discussion, that whenever we set 
set up an artificial elevation on the eaith’s surface we do, in 
fact, set up a conductor of electricity ^ that is to say, a light- 
ning conductor. The masts j themselves, therefore, are already 
lightning conductors, passing necessarily into the body of the 
vessel, and upon these discharges of lightning will fall, whe- 
ther detached metallic bodies be present or not, or whether 
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they be furnished with metallic conductors or not: this is 
proved by expaience. Tlic mast of a ship from its position 
iilone, necessarily determines a discliargA of lightning n])on 
the hull. Now, by perfecting the conweting power of llic 
masts, and connecting them with all the metallic masses in 
the hull and with the sea, we so complete* the conducting 
power of the whole, that an instantaneous distribution takes 
place in all directions, directly tlie explosion strikes tlie mast 
head, and the electricity is changed immediately, from a dense 
form, into electricity of comjmratively little tension. 

Now with respect to the actual results of the trials of my 
conductors. Have not these conductors, been tried in 12 
ships of the navy for as many years ? have not these ships 
been in all parts of the world ? have they not all been exposed 
more or less, to severe storms of lightning i 

Do not some of the officers w ho commanded them, and 
others, experienced men, insist on the /act of their ships 
having been struck by lightning in the usual vray without dam- 
age? Convinced of the protection my conductors afford, 
have not the captains of ships fitting for service, repeatedly 
applied to the l^ords of the admiralty tube fimished with them ? 
Can you point out any instance^ in which incorivenlence or 
damage has arisen iu these ships during this lapse of time ? 
I’lic main argument of your queston, therefore, is really 
answered by the results of experience ; if yon havh not any 
good fact to oppose to these, of what avail is any f/teorcffcaZ ob- 
jection to die uso of my conductors you may find it convenient 
to set up. It must be quite apparent, that my method of de- 
fending shipping from lightning is based on admitted princi- 
ples in scienccj and is, cori»^jaently, as freb from theoretical 
objection as any other method. A lightning rod as a defence 
from ligrftning, is, under any form, nothing but a means of 
rendering more efficient the conducting power of tlie general 
mass — so as to admit of such intense discharges being readily 
dispersed, which would otherwise by causing an explosive 
expansive force^ produce damage. 

According to the Experiments of the learned Mr. Cavendish, 
the chances of escape from lightning is in this way^ increased 
by at least four hundred million to one, even with a conductor 
of iron. 

The letter in your Annals, sighed W. Pringle Green, is 
really not worth my notice'. His ridiculous queries have been 
so often before the public so often answered, that I caimot 
really notice them again. I must decline all intercourse with 
him in the shape of correspondence, and for this plain reason 
— cannot pjace the slightest confidence in any thing he 
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advances. But, lest I should be thought harsh in making this 
assertion without apparent tmth, I will give jf few examples of 
his respeqt for accifcacy, and 1 will leave it even to your ‘‘can- 
dour” to say how am right. 

1st. In the Mechanic’s Magazine, vol. VIII, pagp 28(5, and 
in other places, lieutenant Green states that the conductor of 
St. Paul’s {'atliedral, the hmjest ever put up, was, by a moderate 
flash of lightning, heated red hot^ and therefore judiciously 
removed, as danokrous and useless. 

'J’liat the cMuiductors of St. Paulas church have been removed 
is a most .shameless ass«‘rtion. Neither have we good evidence 
for sup])osing it to have been made m///o/ — this I have shewn 
ill my papers in the Nautical Magazine — at all events, if it 
liad been, it could not have been from a moderate stroke of 
liglitning, as stateckby Mr. Green. 

2nd. In tlu! Mechanics’ Magazine, vol. viii. page 13, raid 
in a variety of other pla(‘cs, such as the public newsjiapers — 
in a pamphlet by himself, Lieutenant G reen states, II. JVI. Ship 
‘‘ Kent” and “ Porscverance” w'cro struck by lightning and 
damaged, although having coiuluctors at the lime. In th(! 
‘*K(‘nt,” he says, three men were killed and sei oral ivounded, 
and the masts much damaged. At this time, he says, “ two 
(HJiiductors were up, and there were more than 20 sail of II.M. 
Ships in company, and vear the Kent, without conductors, 
7 ione of 'which were injured?^ Not fiiuling a word about th(^ 
conductors in the shi])’s log, I remonstrated ivitli liicutcnant 
Green on the subject, wlioii he again repeated the assertion at 
page 287, where he says, that he named the ca])tains of the 
ships, and that “more than one hundied oflicers and a thou- 
sand seamen ivitnessed Uie 

The subject having been investigated by tlu'. Arlmiralty Com- 
mittee, it appeared by letters from Captain Godlrey of the 
navy, and Admiral Cardon, the forme.r in the “ Kent” at the 
time, the latter in the “Perseverance,” that these statements 
made by Lieutenant Green are uiierly vnfomidcd. Captain 
Godfrey says, that the Kent usually had the conductors up ; 
but having been damaged, they had been laid aside. Admiral 
Cardon, who ivas in the Perseverance, also atiirms, that they 
had not a conductor in the ship. Lieutenant Gr(um talks 
of “ imposing gross deceptions on the naval service and the 
public.” .Pray, wliat does he call this ? 

3rd. In his letter in your last^Number, page 230, he refers 
to the Naval Chronicle, vol i. page 201, as evidence to shew, 
that my plan has been copied from Mr. Marrot. Now in the 
;first })lace, there is no mention made there of any such person ; 
and secondly, the memoir to be found there by jthe celebrated 
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Frenchman IjC Roy, docs not contain one word about liglitning 
conductors fixed in the masts. 

4th. In the samo letter, and the same page 330, liieutenaut 
Green says, ‘‘by my representation ofthosf facts, the existing 
Board of Admiralty, countermanded th^ '.’favy Board’s order, 
&c.” In ojlier places e. g. in his pamphlet above-mentioned, 
in the Mechanics’ Magazine, 288, he talics en‘.dit to himself 
for having through his influence with the Board of Admiralty, 
caused my plan to be laid aside. In order to ascertain if such 
were really the case, I wrote lately an official letter to the 
Board, referring to Lieutenant Green’s assertion in your work, 
and ill other places. The following is the copy of the letter 
received in reply : — 

Admiralty, Cth March, 18i0. 

Sir, — In reply to your letter of the 3rd instant, I am com- 
manded by the Lords, Commissioners o/ the Admirally, to 
acquaint you that it docs not appear by the records of this 
olTice, that their Lordships were in any W'ay induced to Jay 
aside your lightning ccmductors, by any nqiroseiitafiows .of 
laeut(3nant Green, or any other jiorsons, and that that officer 
is not authorized to make such statements.^’ 

1 am, sir, your humble sen^ant, 

W. SNOW JIARllIS, Esq. Signed, JOHN BARROW. 

5th. Lieutenant Green states pag(3 232 of your last nuiuber» 
and elsewhere, that my conductors arc led througl.? the after 
magazine t — this he has .always insisted in, and has given a 
drawaiig to that effect. Will any of the lliousands who have 
been at sea in the ships fitted with my conductors say that this 
is tnie } 

These are a fmv of the nu«,.^?/'^us . dei^cptions which appear 
in 1 iieuteiianf Green’s productions. I do not think it w^orth 
Avhile to c’lte any more. A brief notice of his style of reason- 
ing and I have done. 

[n fhe Mechanic’s Magazine, vol. viii. page 14, in order to 
shew tlie danger or conductors, he states, that the setting up 
of certain pointed rods in Lausanne, in 1825, w^as* the cause 
of a terrible storm which happened there in 1824 — tliat is just 
one year after tin; storm happened. This logic is based upon 
extracts from newspapers, in which the dat(3s are given, and 
by what lie calls an explanation in page 285, he makes die 
storm happen three years before the rods were set up, which he 
vsays was the came of it, * 

* See Mechanic’s Magazine, vol. VIII, page 237. 

f Whate?er might be the cause for discontinuing Mr. Harris’s conductors 
in several men of war which had been furnished with them, it is* a fact that 
such was the case, as will appear by the appendix to this letter.— E nix. 
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In a newspaper called the Nautical Register, in which he 
wrote against my conductors in 1822, amongst a most luxu- 
riant vaiiety of contradictory matter, he has ^his remarkable 
passage : The following statement will bear me out in what I 
have advanced, that'^b man ever did, or will exist, who can 
mrent amithing to gtiard ships from the direful ^effects of 
lightning , He goes on to say : — In the year 1801 or 1802, 
IT. M Ship Cleopatra was at anchor about 30 miles from Vera 
Cruz ; early in the ('veiling it commenced to rain, with thun- 
der, &c. »Thc conductor Was ordered by the captain to be 
lioisted at the niizcm mast head, and from the time of its being 
hoisted mitil the morning did sirea7ns of electric Jluid cow- 
iinue to run down it into the sea.” Well, was the ship in- 
jured ? Not in the least. Still this is to prove no man did, 
or ever will invent anything to gua^d ships from tlie direful 
effects of lightning 1 ! ! 

I am, Sir, your obedient servant, 

WILLIAM SNOW HARRIS. 

Plymouth, March \0, 1840. 


APPENDIX. 


Copy of a cwrcspondence vnth Hear Admiral Wterren^ Admiral Superintendent 
of the Plymouth Dock Yard, ' 


“Plymouth, 13th March, 1838. 

“ Sir, 

As several of her maiesty’s ships fitted with my new lightning con- 
ductors have been paief oft’ at l^mouJJifTtnd tlieir spars returned to the dock 
yard. I sliould he much obliged by your informing me whethef the conductors 
still remain in them ? \V briber any having the conductors have been /e-issued ? 
Wliether, in the case of their having been removed from any cause, they have 
been refitted in another ship, or have been duly set aside for that purpose ? as 
also, whether any sflars with the conductors in them arc yet remaining in 
store. 


“lam, Sir, 

“ Your very (>bedicnt servant, 
W, Snow Harris.” 


“ Plymoutli Yard, 16 th March, 1838. 

“Sir. 

“ As requested by your letter of the J3th instant, I beg to enclose 
to you a report of the particulars ^therein* required, respecting the spars in 
storey fittedwitli lightning conductors, on the plan suggested by you. 

“ I am, &c. &c. 

(Signed by the Admiral Superintendent.) 
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Copy of the Report to the Matter SkiptvrigM, 


Plymou^ Dock Yftrd, 15ih March^ 183S. 


“ Sir, . , 

** In reference to the questions containe^n Mr. Harris’s letter of 
the 13th instant, I bef? to state : — 

■* 1st. ThaL the conductors in the spars of ships paid off at this port have 
been remoTed, with the exception of five top-gallant masts rctumea from the 
Forte, which arc now in store, the conductors remaining in them, 

2nd. No spars have been re-issued with the conductors remaining fixed. 

“3rd. The conductors which have been removed, from whatever cause, 
have not been refitted to other ahipSf but returned into store in common mik 
other old copper.” 


“ Mr. Harris’s fourth question appears to be answered in the first para- 
graph of this memento.” 

'^(Signed) J. F.Hawkos. 

J. Shaw.” 

‘‘ To the Master Shipwright.” 

In consequence of this correspondence, I addressed the following letter to 
Sir J. Barrow, who had previously favored me with an interview on the 
subject. 

“ Plymouth, 10th March, 1338.” 

“ My dear Sir, 

“ I wrote to admiral Warren soon after my return. You will 
soon see by the copy of the correspondence herewith transmitted, that the new 
"^lighjning conductors have been, with a few trifling exceptions, all torn out of 
the masts and thrown by in a somewhat contemptuous way as old copper : 
thus, the plates which might have been very well replaced in other ships, 
have not even been taken care of. The correspondence with admiral Warren 
is very brief, and will not cost you five minutes attention.” 

“ After the explanation you were so good as U» favor me with*rcspecting 
conductors, I cannot but believe you would wish to have me fairly dealt by in 
this matter ; and 1 should hope that tho Board would not, on a review of the 
facts, treat me ungenerously. Let us then see in as few words as possiblehovt 
the matter stands in relatioii to the Admiralty, the country, and myself.** 

1st. It is an admitted fact, that ships may be burned and destroyed by 
lightning ; the logs of the navy shew that this is by no m^^tis inwrobable, and 
that some missing ships mav have petiSli^MfUm this cause. They exhibit a 
loss of life, of damage, ana loss of services of ships at critical poripds, not 
generally appreciated : well then, this subject has been deemed of sufficient 
consequence to engage the attention of scientific persons for more than half 
a century, and some steps have been taken to palliate the ejects of lightning 
on ship board. The methods proposed have been inadequate in some way for 
the damage has continued up to the present time ; notwithstanding that 
buildings on land have been protected from tbit source of danger*” 

“2nd. In the year 1820 I investigated practically this question, and shewed 
how the fixed continuous conductors of Franklin might be rendered available 
on ship board, and how by a perfect system of conduction throughout t^ hull, 
all the protection which could possibly be obtained from admitted scientific 
priciples, would be arrived at.” 

“ 3rd. My proposals were eventually carried into effect in eleven ships of 
the navy, and the results has been as perfect as could be hoped for. The 
written testimonies of officers in qommand of the ships, prove that they have 
been exposed to heavy thunder stormy ; that they have been actually struck 
by the electric fluid, without in any case receiving the slightest damage : thus, 
not only shewing tliat the conductors aro unobjectionable, but actually 
useful.” 

“ 4th. The conductors not only stand upon this, but they are supported by 
the avowed opinions of some of the most talented men in science the country 

VoL. V. — No*. 27, September^ 1840. 2 E 
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has to boast of : almost erery naval oiKcer, to wliom the conductors arc known 
is desirous to have them, and many have applied for tliat purpose ; and this 
feeling prevails even with the sailors who were at sea in^hc ships fitted with 
them, as, for instance, in the Beagle and J>ryad.” 

4th. In the face of idl fhis how docs the matter actually stand at this pre- 
sent instant } why thus,\ie ships in which the conductors were fitted, have 
been nearly tdl paid oJff\ the plates, have been conunonly torn out of the masts, 
and thrown hy as oldjcopper, and no notice taken of it. A grea'^ national ex- 
periment ha.s been abandoned, and the results lost to tlio country, without any 
assignable reason, without enquiry. An experiment of great consequence to 
our commercial and naval prosperity, and one which has occupied the atten- 
tion of the scientific part of Eurqpe for upwards of 70 years.’* 

“ Can the affair possibly rest here ; I am sure this could not be the serious 
intention of the Board ; nevertheless, su(^ is the actual state of the question 
in relation to the Admiralty and the country.” 

“ 6th. Ill resped to myself, I mu.st necessarily feel the circumstances above 
detailed to be very severe, and uncallcil for by any thing on my part : it is 
always difficult to speak of one's self ; there arc however some cases in which 
wo arc called upon to do so ; this appears to he one of them j and if it be 
done with becoming diffidence, 1 trust you will excuse it.” 

It is well known, {hat so far as ability has enabled me, I have for many 
years cultivated with great zeal, experimental science ; and have not spared 
f w/ic, toil, or money, in doing so, as 1 believe my papers in the ‘ Philosophical 
Transactions’ fully shew ; indeed, the Royal Society marked their sense of 
my contributions to the pages of the ‘ Transactions,’ by awarding me their 
Copley medal in I8;i5. Many of ray rc.searches in electricity and magnetism 
have been of practical advantage to the navy ; I may claim therefore, at the 
hands of the Board some Utile attention.” 

“ Now, in perfecting the application of conductors in ships, I have incurred, 
not only a very serious res]»onsibilily, but a very heavy expense. You can- 
not hut believe, that if any damage had happened, either to the ships fitted 
with the conductors, or even to the buildings at the Victualling office at 
Plymout]^, (which I should remark, were protected from lightning under my 
direction,) I must have been the person held responsible with the public. Is 
it right that one who successfully labors to promote the national science, 
and whose services have been advantageously used for the general good of the 
navy, should be passed by with coldness and neglect ? Here arc these con- 
ductors, notwitlistanding the many documents and facts conclusive of their 
value, thrown unceremoniously aside as old copper, and no notice taken of it : 
surely, without any claim haYq.^4he consideration of the Board on the 
ground of general science, this 'iVmust be admitted has^^the appearance of 
dealing somewhat unjustly by me. 1 cannot but believe, that in stating 
thus freely all 1 have to say to you, I am appealing to one wlfo has himself 
done much for the literary honour of our country, and who, anxious for the 
- advancement of ^natural knowledge, must necessarily feel well-disposed to 
promote an enquiry into such a case. When we consider the resources of this 
powerful nation, and how much its interest is involved in its naval and com- 
mercial proTiperity, it surely cannot be on account of a thousand or two pounds 
that an invention of practical advantage to the navy is laid aside.” 

“ I trust you will be so good as to bring this matter under the consideration 
of the Ih>arcl, and will do me the justice to believe, that I desire nothing 
which may not come fairly and openly before the country, without any kind 
■ of reservation whatever.” 

“ X am dear Sir, &c. &c. 

W. SNOW HARRIS. 


Sir John Barrow made a courteous reply to this communication : the mat- 
ter, however, eventually terminated in nothing more than the fitting of the 
Acteon, without my knowledge, in the way before explained, sec. 19, page 13. 
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Coptf of correspondence with the Admiralty, on the subject of an extract frmn 
a report on the new conductors to the Admiralty^ from the Officers 
•> of the Plymouth JJock Yard. 

Admiral^, 12th December, 1837. 

“ Sir, > 

“ VSyth reference to former correspondence upon the subject of your 
lightnim^ conductors, 1 am commanded by my Lords t^ommissioners of tlie 
Admiralty to transmit to you the accompanying; extract of a report from 
Plymoutli Dock Yard, relative to the state of tlie masts of the Caledonia, in 
which the conductors were fitted. 

♦ “ I am, &c. &c., 
ft «C. WOOD.” 

“ W, Snow Harris, Esq.” 


Extract of a report from the Officers of Plymouth Dock Yard, dated Qth 
December, 1837. 

Wo beg to acquaint you that the conductors havef been removed from all 
the spars returned fntm the (>aledonia; that the maiu-top mast has been con- 
verted to a brig’s maiii-maist ; the fore and main-top gallant uiasts have been 
appropriated to jury gear; and that owing to the scores left in iJio spars by 
the removal of the conductors, it will be necessary to reduce them before they 
be re-issued.” * 


« Sir, 


Plymouth, I6th December, 1837. 

I feci much indebted to the Lords Commissioners of the Admi- 


ralty for the extract of the report from the Plymouth Dock Yard, relative 
to the state of Uic masts of the Caledonia, fitted with my Ughtnlpg conduc- 
tors ; and hope tc be permitted to offer the following remarks on it, which 
their lordships will, 1 trust, take into their candid consideration. 

** I find on inquiry, since I was honoured witli their lordships’ communica- 
tion, that wlien the Caledonia was dismantled 

“ 1st. That her three working top-masts, having been in the ship for more 
than seven years, were so rubbed in the caps and otherwise worn, that they 
were not considered fit for further • 

*‘2nd. That n9 kind of defect was discovered arising out of the application 
of lightning conductors ; that so far as the conductors were concerned, the 
masts might have been atjain used. 

“We learn, therefore, from these facts, that the conductors remained per- 
fect in the masts up to the time of the masts being considered no longer ser- 
viceable, and that since the plates of copper were still good, they might, 
consequently, be re-applied to other masts of tlie same dimensions ; without 
any new expense except in labour. * 

“ 3rd. That the three spare top-masts, at sea in the ship for more than se- 
ven years, were returned into the store as serviceable top-masts, and might, if 
tliey had been permitted to remain in the same state in which they were re- 
turned, have been re-issued, either to the Caledonia or to another ship of her 
class, without the necessity of any alteration whatever. That for some rea- 
$0 ot explained, the plates were taken out of the masts, and, of course, as 
a iessary consequence, the shallow groove in which they were inserted left 
^ ^sed. * 

^ As these spars were never intended to be used without the conductors, any 
Auction contingent upon their removal was a matter of choice, such removal 
Jeing quite uncalled for, 

“ I would still, however, respectfully submit to their lordships, that even 
although the plates should be removed, a reduction of the spar is not abso- 
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lately necessary ; for if an oak batten was inserted in the grove, in place of 
the copper, and the whole planed off fair with the round of the mast, I am 
prepared to shew that the spar would be as serviceable as at first. 

Admitting, however, that the spar must be reduced, it is stilt not neces> 
sary to do more than pair o^' the small projection of the groove, (which is, after 
all, very little more thanV quarter of an inch in depth,) the diminution of 
strength by this is really inconsiderable, and the mast might still be re-issued. 
The Spartiate’s jib-boom, for example, was re-issued in this way, and, 1 be- 
lieve, answered well* 

^*4th. That in the conversion of the top-mast t<y*a brig’s maimmast, the 
requisite reduction carried all round the spar was not so great on account of 
the groove as was found necessary 1^ bring the spar down to the required size, 

‘‘ Should it ever be requisite to convert a top-mast once fitted with iny con- 
ductors to any other purpose, the necessary reduction is always much more 
than is contingent upon the groove fur the lightning conductors. 

Their lordships will, 1 am sure, allow, that if after more than seven 
years, the wood was, on tlie removal of the copper plates, found so perfect as 
to admit of the mast being converted into so important a spar as a brig’s main- 
mast, we have not much to complain of on account of the application of the 
conductor. 

I would in concliisrori respectfully call their lordship’s attention to the 
fact, that out of eleven ships fitted witli the new conductors, few, 1 believe, 
now remain in commission, except the lleaglc.* That although on being 
dismantled, their spars, with the conductors in them, remained perfect, aiui 
so far as tlie conductors were concerned, fit to be re-issued, yet, in several 
instances which have come to my kncnvledge, the conductors have been taken 
out of the masts, and the masts used for various purposes. I have no doubt 
the mast makers can explain why tlicy have been led to do this in many cases, 
but why they have done so in others does not immediately appear ; as no com- 
plaint has ever been made of the conductors so far as the masts were concerned, 
and that witliout any additional expense to the country the serviceable inasts 
might still have been applied in the same way, and many ships been fur- 
nished with this protection from lightning.” 

“ It is will known to their lordships that the Beagle was full five years on 
service, and that yet she has gone to sea with the same spars and conductors 
in them, on au equally long voyage, witii the exception of new top-gallant 
masts.” 

^‘1 cannot but respectfully bespeak their lordships’ attention to these facts.” 

And remain, Sir. &c, &.C., 

• WM. SNOW HARRIS.” 

“ To Charles Wood, Esq., M.P., &c., &c.” 


XXVIII. — Mv. W. Sturgeon’s Letter to Snow 
Harris, Esq. F. R. S. 

Sir, — I hope you will acknowledge that 1 have given pub- 
licity to every part of your letter, that can possibly be use&l 
either to yourself, or to the cause of your marine lightning 
conductors ; to have published the. other part of your letter, 
cpuld have answered no laudable puri>ose whatever. I can 
have but very little to say in reply, as the opinions which I 
have already entertained, and which are already before the 

f mblic, are not in die least affected by any facts whicii your 
etter contains. Your answers to* the queries in luy letter are 

* Thai hi to in Hhiv’h the conduttois still reoiaiu pKrfcot. 
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partly satisfactory, and partiy otherwise. Your explanation of 
the expansive 43ffects of liglitning are perfectly satisfactory, 
because you necessaiily admit that lightning primitive 

cause, which admits of the correctness all I have said res- 
pecting a lateral discharge of the Jirst kind,^ 

Your explanation of the reasons which led you to proceed 
in the manner yop did with the experiments at Plymouth, 
before the Navy Board, aiDpear to me any tiling but satisfactory . 
That your conductor on board the# Louisa cutter, was perfect 
enough to carry tliose elective charges which you transmitted 
through it, there can be no doubt whatever ; but, that it shewed 
any peculiar advantage of action over other ctTnductors I must 
still deny ; although you say that, I shut my eyes to these plain 
deductions^ and tell my readers that the experiments prove 
nothing peculiar to your system of con^uctors^ Now 

his sentence of yoms, ob^dously implies a claim of some pecu- 
liar advantage of your system of conductors being demonstrated 
by those very experiments, and a censure upon me for not 
telling ray readers that such was tlic case. Had I said anything 
otherwise than that which I did say respecting the character 
of the Plymouth experiments, I should have told my readers 
amuitriith; and I think that not only my readers, but your 
readers also, will see pretty clearly, that I was iierfcctly cor- 
rect, in stating that “ those experiments are no more illusta- 
tive of the olficacy of Mr. Ilanis’s system than of<iny other 
ever yet offered to public notice,” when I point out to them 
your own words on tliis matter, which arc the following. 
‘‘ Now I never asserted that any other conductor would not 
convey an electrical cliargc to tlic sea. My experiments w'cre 
never instituted mider such an ii]^?.vsion.”^' I am sure that 
both of our*readcrs wdll be much pleased to find that you 
have so ftbly set this matter at rest. 

With respect to the horn hook”t work wliich you speak 
of, I have no means of knowing anything farther than that 
wliich tlie character of your experiments indicates, wliich, to 
an electrician, would not appear very conclusive. And the 
reason you have given for employing gunpowder to show the 
effects of lightning on a ship’s mast, arc quite misatisfactory.J 
Had you continued your illustrations on the small model, 
which for the first lime, you now speak of, they would have been 
perfectly satisfactory. It is an old experiment and quite con- 
clusive ; but I must certainly still indulge in the opinion that your 
gunpowder experiment was •not only quite out of place, but 

* Fourth Memoir, paragraph 139, page 174, vol. iv. of these Annals. 

f Fourth Memoir, page 166, vol. iv. of these Annals. 

t Mr. Harris's letter, page 309. of this Number. 
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tended to give a ftdsc idea of the nature of thf action by which 
masses of wood are cleft by flashes of lightnings 

I am of opinion, also, that you are led into enw even 

under the new and^ (cry delicate circumstances” by which 
you “ tried the experiment.”^ For if the detonating powder 
did not fire in the, interriqded part of the circuit, hyyoiir ex- 
periment, that can be no very decisive reason why it should 
be so extremely obstinate in other hands. The “horn 
book” informs me that each tbraiich of the conductor will carry 
a portion of the chargi^ if sufficiently powerful, and the inter- 
ruption in one branch of the conductor be only small. 

Voiir view oi? my “ lateral dischage” at a dlslance of 50 
feet from the direct dlwhargCj seems to hav(* led yon into 
some considerable error cohceniing lateral discharges in the 
liody of a ship from^ direct discharges through my system of 
conductors in the rigging. 1 think thjit I have stated pretty 
clearly that this 50 feet, was 50 feet of nujtallic wire, (see 
])age 175, vol. iv. of these Annals) ; and I never yet understood 
that there w as a direct metallic communication between the out- 
side of aship and herjiow’der magazine !! ! or that the one was very 
near to the otlua* : and 1 think you \vUl admit that the distance 
of your conductors from the magazine is very triiling indeed, 
wdien compared with the distance between the latter and the 
outside of the vessel. 

Moreover, the distribution of my conductors in the rigging 
is such that every (lash of lightning which stmek them, would 
be equally distributed amongst them before it arrived at the 
b(>dy of the ship : so tliat a small fractional part only, w^oiild 
be cairied by any one of the lower branches : and as each 
branch cojnluctor* w'ouhk < 4 ^ 27 ^ an equal share, the forces on 
the tw'o sides of the ship would be so completely balanced as 
to neutralize each others action on bodies placed# directly 
between them, not only as regards lateral discharges^ but also 
as regards the iTiagnetic action of heavy flashes of hghtning : 
for although an electric discharge traversing a single con- 
ductor, will magnetize a f(*miginous body, a needle, for 
instance, placed within the sphere of its action, yet no dis- 
charge of electricity which passed equally on both sides of the 
needle w’ould magnetize it : because one part of the electro- 
magnetic action would counteract the other part of it, and 
they would mutually neutralize each others effects. 

In regard to ^‘Dr. Wollaston’s yudgemciit” on matters of 
j)hilosophy, I shall always have ar great veneration, and what- 
ever degree of approbation he may Tiavc happened to confer 
upon your conductors, I should have found very little difficulty 
in making that philosphcr siuisiblc of the dangerous effects of 
* Mr. Harris’s letter, page 210 of this Number. 
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their clectro-magnetic powers when traversed by heavy Hashes 
of lightning. 'l^hisUssuch a simple and common hom-book” 
affair, yet such an important consideration in the disposition oi 
marine lightning conductors, that its oiyission in the report of 
the committee is an evevt in Jlritish sciehcc, which leaves you 
and the Jscientfjic coiincillor,% in no very enviable position. 
And although it may not have occurred to you before, that the 
situation of your conductors woidd give them a most dangerous 
influence on the clironomctors and compasses of the ship, yet 
now that T have clearly t^oiiited out the fact, it behoves you, 
at this critical period, to make known to the Adinimlty that 
such is the case, in order that some means may be adopted to 
prevcjiit those serious consequences which your system of 
conductors can hardly fail to produce. 

I do not liud that any other part of your letter requires my 
notice, and as 1 have met every other efR^rt which you have 
made in favour of your conductors, in my former letters, 
without experieiicing the slightest reason for altering my first 
statements, made in my fourth imunoir, I necessarily conclude 
the discussion, under the same impressions as thos('. with which 
T began. The errors into which }'ou have accasioiially fallen 
in those i)apcrs which you have puhlished since the ap])earaii(:o 
of my fourth memoir, have certaiidy tended to rectify my 
former vhiws of younnotle of philosophical reasoning, which, 1 
believe, is the only remuneration 1 need expect ; unless, indeed, 
my exposure of the dangerous tendency t)f your lightning 
conductors may induce those in authority to pause, and rc-inves- 
ligatc the whole subject,' before any decisive steps may be 
tiikeii for fitting out the british fleet with any lightning con- 
diietors whatever. And as J have s^nc reason for supposing 
that such wijl be the case, I ai^.*ouri* in liopcs of ex])eriencing 
the grc;^t salislactioii of having been instrumental in averting 
those personal and national calamities, which, in every proba- 
bility would occur from tlie eflects of liglitniqg, were our fleet 
to be lurnislied with conductors such as you liaise proiioscd. 
And shoidd I even be disappointed in that particular, it will 
always be a gratifying reflection that 1 have pointed out tlic 
means whereby those dangers might be averted, at an expense 
of little more than the first cost of the material; and without 
detaining any ship in harboiu', or causing any odicr obstruction 
in the performance of any part of her duty, whatever may he 
the nature of her sendee, and on whatever station she ma\' 
happen to be placed. * ^ 

I have the honor to be. 

Sir, 

Your obedient Servant, 

W. STUllGEON. 


W. S. Harris, Esq, 
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On the change of Colour of bodies. 


XXIX. — On the cause of the change in colter which takes 

place in certain substances under the influence of Heat . — 

By C. S. Schoenb;3In. 

It has not fallen within the power of man, up to' the pre- 
sent time, to determine the relation which exists between the 
chemical nature of a body and its colour ; it is probable that 
the determination of this difficulty presents one of the most 
difficult problems that philosophers and chemists will have to 
resolve.* We know not why copfTer is red, gold, yellow ; the 
cyanite of iron blue, and, in particular, we are complely un- 
certain whether the cause of the colour of a substance ought 
to be sought for in the nature of its mobeculcs, or in the par- 
ticular mode of their aggregation. But whatever be the ob- 
scurity which reignS’ in thfe point of view, and however great 
our ignorance on the true cause of the colourization of bodies, 
we know, notwithstanding, that the fact which determines 
the chemical nature of any substance is that which decides, 
before any thing, its relations with the light ; and, in fact, 
there are a hundred cases in which we may conclude with cer- 
tainty, that a chemical modification has taken place in a body 
after a modification of colour has been observed. But it is 
not only these luminous phenomena, with relation to colour, 
which are frequently modified by the effect of the chemical 
changes of the substance ; those of this species of phenomena 
which may be referred to refraction, to reflection, to inflection, 
and to polarization, are under the same influence : and, in 
short, we may safely affirm, that in order to arrive at the es- 
tablishment of the identity or the chemical difference of sub- 
stances there exists no rc-^Tit more sensitive than light. 

Up to the present time, with our chemical means,. owe have 
only been able to determine amongst bodies those differences 
the most gross, and easily to be perceived; and, without 
doubt, also, for this same reason, we have admitted as iden- 
tical with each other a great number of substances, which, 
upon examination, by the aid of re-agents the most delicate, 
will eventually demonstrate to us that there is no identity be- 
tween those bodies. It is then very desirable that opticians 
should come in to the aid of their chemical brethren, and by 
furnishing them with such instruments as are necessary, ena- 
ble them to determine, in a manner, at once easy and certain^ 
the slightest qualifying modification which takes place in any 
which may be subjected to their inquiry. When once the re- 
search into the chemical nature of substances, by optical 
means, shall come into general use, I am persuaded that our 
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knowledge in thi# respect will bo rapidly extended, and we 
shall acquire iftorc correc'.t ideas than those w'c possess at pre- 
sent on the intimate nature of substances. The researches of 
Newton on the power of bodies to refnict light, and the re- 
searches, ^still more recent, of the celebrated Biot, have already 
placed in a striking point of view the great knportance it may 
be to the chemist to have a knowledge of the optical character 
of bodies. 

I have no other end in view, in^ublishing this work, than 
that of calling the attentioy of philosophers and eliemists on 
the importance of the momentary and sudden changes of co- 
lour which divers substances undergo under Ihe influence of 
boat. 

In comparing the chemical nature of substances which pre- 
sent this phenomenon in these indicated circumstances, it 
ought to excite our surprise, above all, that it is only observ- 
able in compound bodies. Sulphur, phosphorous, and perhaps, 
also, selenium, which are considered as simple substances, 
form exceptions ; but the property which these bodies possess 
of taking various colours in different circumstances, ought, 
perhaps, to be sufficient for us to presume that they are com- 
pound, more especially if we consider that sulphur, and in 
all likelihood also, the two other substances are. 

The number of compound substances which are possessed 
of the properties of which we are now speaking is 'Tory con- 
siderable, and it would be too tedious to name them. Amongst 
those which are solid, I content myself with naming the red 
oxide of mercury, which, upon being heated, takes a brown- 
ish black colour. The yellow basique nitrate of mercury, 
which in the same circumstances •'«?5a7nes a* red colour; the 
red iodure of^mercury, which becomes yellow at an elevated 
tomperattire ; the citron yellow coloured chromate of potash, 
which takes an orange colour on being affected by strong 
heat. The liquids, with some exception, chflnge colour in 
general when they are heated. A solution of muriate of co- 
balt, for example, which when cold is of a yellow brdwn colour, 
becomes blue on being heated ; an acid solution of nitrate of 
iron, which at the ordinary temperature is completely colour- 
less, becomes a reddish yellow when heated. Nitrous acid, 
(colourless at 20^) becomes yellow, and even a red brown on 
being exposed to heat: the colourless combinations of this 
acid with nitric acid, sulphuric acid, phosphoric acid, &c., be- 
comes equally yellow in the s'ame circumstances. Among the 
compound gases I know of none of which the colour is sen- 
sibly changed by the effect of heat except it is the nitrous 
acid gas, whose colour is, as is well known, of a deeper hue 
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at a high temperature. But it in very likely that a more pro- 
found examination will shew that other aerifbrm bodies also 
change colour with th^ir temperature. 

The (piestion in point now is to resolve, to what cause the 
phenomena in question may be attributed ; whether it is to 
mechanical eintumstanccs, or to chemical changes^ Up to 
the present time we have always sought to explain it, by 
vaguely admitting that heat produces a certain modification in 
the arrangement of the iiltimate molecules of a body from 
whence proceeds a change of colour. This hypothesis may 
possibly be exact, geucrally speaking, hut it is so vague and 
mdeterniinate that it loaves, in a complete uncertainty the 
question of ascertaining whether heat only changes, the i da- 
tive position of the compound molecules, or whether the sim- 
ple heterogeneous ‘atoms combine among thctriselves under 
the influence of an elevated temperature, in other affinities 
than when the body is not boated. SoTne recent researches 
of Mitscherlich, Hose, and other chemists, have demonstrated 
that certain salts undergo an essential modification, one might 
almost say chemical, though this was not a decomposition in 
the ordinary sense of the word. Thus the arroganitc, heated 
to a full red heat, is transformed into calcareous spath j the 
red pyrimidal iodure of mercury into the prismatic yellow 
iodure of mercury, without the observer being able to perceive 
any modification in the composition of these two bodies. Other 
examples of the same nature might easily be cited. 

All imiiortaiit eircumslance, to whi(th I shall endeavour 
at tho present time to draw your attention, is this, that the 
red iodure of mercury, 911 being transformed into yellow^ iodure 
by the action of float, perslt(v3 some time still, it is true, in 
its new' estate after being cooled, but docs not fail, neverthe- 
less, to take its primitive state without the sensible interven- 
tion of any exterior action, though mechanical causes, such 
as a sudden shock, singidarly hasten its return to the normal 
state. The arroganite once transformed into calcareous spath, 
undergoes no further change. There is not the least doubt 
that in the case whence arises the question, tliat heat only 
produces in the chemical nature of bodies that modification 
which chemists call isomeric. They form new substances, 
which are distinguished in particular from those from wliich 
they proceed by a peculiar form, by their specific gravity, by 
their hardness," and by their actign bn light, and, in all like- 
lihood, by other physical properties. 

What is it now w Inch takes place in those substances which 
thus change colour with the temperature ? Does this change 
indicate different chemical combinations among tlie constituent 
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elements, and oujjhl it to be regarded as a proof that the mass 
resting identical, the same clement can form a series of iso- 
meric combinations, of which each in oartieiilar is produced 
l)y a determined temperature ? The change whicdi takes place 
in the red iodure of mercury .appears to me to be of particular 
important*e in the answer to these question^ ; on one hand, 
bec^ausc the phenomena which this body presents approach in 
appearance those of bodies which the act of cooling (*anses 
to return to their former state, (tlio elements of this iodure 
not persisting, in fact, in their new combination) ; on the 
other hand, because the boffy approaches also to carbonate of 
chalk, the iodure not taking immediately its* primitive state 
when the cause which modifies it has ceased to act. Under 
the relation of the variability of its molecular composition, 
this iodure places itself then between the calcareous carbonate 
and the combination in which the change of temperature, 
and the modification in the chemical constitution, only remains 
as much in one as the other. 

J^ct us now seek a solution of file proposed (juestion, at 
first in that which concerns the oxide of mercury, which 
presents a change of colour so remarkable. "Fho mode of 
combination of oxygen with mercury, under the relation of 
iiiliinacy, ought not to be the same at elevated degrees of tem- 
perature as at inferior degrees: it is already acknowledged, 
that at a certain temjieraturc these two substances* separate 
one from the other, and it will be easily admitted, that as the 
oxygen holds much more feebly to the mercury, that the oxide 
is most heated. Now', a difFcrcncc in the intimacy with wiiic.h 
the same elements are combined constitutes already, accord- 
ing to my ideas, a ditfcrcncc either *qualif 3 ung or chemical. 
After that, the oxide of mercury m a heated state, is chemi- 
cally difEtjrent from the cold oxide, and there*exists between 
the two an isomeric relation. To speak more properly, all 
the chemical combinations which arc of different temperatures, 
arc, it is true, in the same case, but particularly those which 
heat alone decomposes. It seems possible to me, how'ever, that 
many compound bodies undergo, in their intimate nature, by 
the effect of heat, modifications which may have, it is true, 
a distant reason in a change of relations of affinity, but which 
are owing, above all, to a momentary derangement of the 
constituent elements, out of their normal position Uken at 
the ordinary temperature# It is, in effect, a singular fact, 
that many compound bodies* take, when they are heated, a 
colour which characterises another degree of combination of 
the same elements. The following examples will serve to 
make the case in question better understood. 
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At an elevated temperature, the oxide of cnercury takes the 
colour of the oxldule of the same metal; the deuto-siilphurct of 
mercury, the colour of, proto-sulpliuret ; the proto-c;hromate of 
potash that of double salt ; the colourless solution of nitrate 
acid of iron that of the solution of a nitrate basiqiv? of tliat 
metal ; the solution yellow and neuter of muriate of cobalt, 
that of the acid solution of the same metal, &c. Now thougli 
this shadowing change may not be observed in each of the 
substances which change colour with the temperature, the 
cases where it presents itself are^ however so very numerous, 
that we are not at liberty to consider this phenomenon as 
simply the cfFeci of chance, nor to suppose that the changes 
in colour of these substances are owing to the formation 
of a new combination : as for example when the dcutoxide of 
mercury is heated it is transformed into protoxide, the neutral 
salt of chrome into acid salt, the neuter solution of muriate of 
cobalt into an acid solution, &c. But as, in the examples 
here cited, the heat does not separate oxygen, nor potash, &c. 
it is necessary to admit that these substances are found in an 
intimately mixed state in the bodies which we have submitted 
to the action of heat, or else, that the new combination 
possesses still so great an adhesive force for the substance 
which has been insulated, that it cannot be separated from it. 
It is possible, also, for example, that a molecule of mercury 
may be found, during the process of heating, nearer to one 
of the particles of oxygen enclosed within an atom of oxide 
than another, and that this second particle remains attaclied 
to the oxidulo by the effect of a species of affinity, and is 
thus prevented from disengaging itself under the form of gas. 
VVe may suppose* againJ 'tV.^ there is established, sometimes 
between the two elements of a combination ex]posed to the 
action of the heat such a relation that they are, ii' is true, 
completely separated one from the other under the chemical 
relation, but tfiat they are still retained together by the effect 
of an attraction, similar to that which Faraday believes to be 
exercised b*y platinum on oxygen. 

It is the skilful Kielmeycr, if I mistake not, who has ad- 
vanced, now a long time since, the idea that each particular 
temperature has its own chemical power. Without wishing 
to take this assertion for granted, I believe, however, that it 
is true in general, and that a proof is furnished of its correct- 
ness in the change of colour produted by heat in compound 
bodies. As I have already made the remark, that chemists 
have not, during a long time, t^ken account only of the most 
glaring differences of bodies, and have regarded as identical 
those substances w'hich have given as the result of analysis 
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the same elements in the same proportions, The discovery 
of isoinery, of dimorphic^ with which it is intimately < 011^ 
nected, has elicited the fact, that the equality of elements, 
and the proportions in which they areViombined, is not a cer- 
tain crit-prion of the identity of chemical substances, and that, 
in this case, it is quite possible that there may exist threat differ- 
ences in the physical and chemical properties of bodies. How- 
ever, let this point be once established, and that in particular it 
has been demonstrated, that by riic aid of heat wo can accom- 
plish not only the decomposition of substances, but, likewise, 
isomeric transformations, wc may hope that chemists will di- 
rect their attention to the cjualifying modifiditions less appa- 
rent, and particularly on the transient modifications which 
these bodies undergo under the influence of heat, llcsearclies 
of this description would uot fail to extend the actual limits 
of chemistry, and give us more correct ideas on the ilifferent 
inodes of combination of elementary substances, as also, to 
spread the light of day on the relation which exists between 
the molecular conslitution of a body and its physical and che- 
mical properties. • 

111 order to find some cxpeviinental proofs in favour of the 
opinion wdiich 1 have advanced in relation to the cause of the 
change of colour on many substances, 1 liave had recourse 
to the galvanometer. It is a fact, recognised by most philo- 
sophers, that every chemical modification, formation, or de- 
composition, of a compound body, has the effect of destroying 
the electrical equilibrium of substances which act upon each 
other. Upon this principle, if the change of colour, now in 
question, is to be attributed to any chemical modification 
whatever in those substances in which it is observed, we ought 
also to see established a voltaic current, and to bo able to 
demonstrate the existence thereof, in favourable circumstances, 
by means of the multiplieaticr. Now, to speak of solid sub- 
stances whose colour changes with the temperature, they are, 
unfortunately, such bad conductors of the voltaic current that 
they do not leave the least possibility of availing ourselves of 
the use of the galvanometer. It is not the same, however, 
ill liquid substances ; but 1 have made use of them to make a 
series of experiments, of the results of which I have hereaf- 
ter spoken. 

We know that an acid solution of chlorure of cobalt, a little 
concentrated, is blue, but that it becomes yellow by the addi- 
tion of a small quantity of water. If this yellow liquid he 
healed, it retakes its blue colour, and this colour becomes 
deeper as the colour of the liquid is more elevated. The che- 
mists explain this passage from blue to yellow by supposing the 
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water to change to acid salt a part of its a(;id, and that thus 
the yellow solution encloses another combination than that 
which is found in the blue solution. As the yellow liquid again 
becomes blue by a new^addition of hydro-chloric acid, and as 
heat alone produces also this change of colour, we can easily 
suppose that at aniorc elevated temperature the yellow neutral 
solution of cobaltis transformed into the acid blue combination ; 
or, what is precisely the same thing, that the acid carried off 
by the water to acid salt stearates itself a second time from 
the water by the effect of boat, and forms anew with the neuter 
combination of acid chlorure- Bift if chemical modifications 
of this species do really take place, the electrical eiiuilibriurn 
ill the lirpiid iu question ought also, in consequence of what 
1 have already advanced, to be destroyed in these circam- 
stances. If now we put the liquid into a tube in the form of 
U, and a platinum wire in each branch of the tube, and now 
lieat the column of Ikpiid in one of the branches, until it be- 
comes blue, and then bring the fi’ce extremities, of the plati- 
num wires into communication with a delicate galvanometer, 
tli(5re is a current established which travels from the cold 
column of liquid to the heated one, and we find the force of 
this current to be greatest, when the difference of temperature 
betw'ccn the two brauches is most considerable. In ray expe- 
riments the deviation w^as about 70'^ when the liquid was near 
the point of boiling, that is to say, wdien the colour was the 
deepest. I need scarcely add that the needle returned to 
7 cro, as soon as the two divisions of the liciuid had arrived at 
the same degree of temperature; that is to say, as soon as the 
blue colour of the one bad again taken the place of the yellow 

Such w^as the ^^xact]wss also of the manner in which the 
galvanometer carried itself in the solution olVnitrate acid 
of iron, which is colourless at the ordinary temperature, 
and which takes a yellow' colour on being heated. In the same 
circumstances m those already given, I have obtained a cur- 
rent w'hicli travelled equally from the cold portion of the liquid 
to the heated one, and which made the needle deviate about 
40^^. The results have been similar to these too, when, in the 
place of the liquids of which I have spoken, I have made use 
of a solution of acid sulphate of iron, or of liquid combi- 
nations of nitrous acid with other acids, such as sulphuric 
acid, phosphoric acid, nitric acid, &o. 

In truth, it seems at first that these observed currents are 
of a thermo-electric nature ; that is to say, that they are the 
effect of the difference of temperature of the two liquids, or of 
the two platinum wires. M. BecqUerel says, in his ‘‘ Traitc 
de r Eleptricite,” that when the two extremities of the plati- 
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ninn wire of thrf galvanometer arc plunged into nitric acid, 
and that in these circiiinstances, the electrical equilibrium is 
maintained, this e([uilibrium will be destroyed, if we conic to 
draw one of the extremities out of the liquid, heat it, and 
plunge it in anew, and that then a cun*ent will be developed 
which travels from the cold extremity to the hot. The Frencli 
philosopher considers this current as being of a thermo-electric 
nature, liut if this opinion have any foundation, wo should 
he able to obtain similar currents with all rKpiids which are 
good conductors. Now my researches on this point have 
convinced me to the contrary. Sulphuric acid, perfectly pure, 
alone, or with w^atcr in different proportions, pure hydro- 
(!hloric acid, the dissolutions of potash, sulphate of potash, 
carbonate and phosphate of alkali, sulphate of zinc, corrosive 
sublimate, and many other salts, have been put successivedy 
into bent tubes ; the part of the liquid enclosed in one of the 
branches only has been heated, and vvlieii 1 have established 
the communication with the galvanometer, l)y means of the pla- 
tinum wires, I have not obtained even the most feiddo current. 
Tlie absence of the current in this expcniinciit, seems to 
bring clearly in view the inaccuracy of the explanation given 
by JNf. liecqucrel, and at the same time the great lik(dilioO(I, 
or else the certainty, that tlie destruction of the electrical 
ccpiilibriiun, when it coincides with the change of colour in a 
litpiid, is not immediately owing cither to the diHercncc of 
temperature of the two wires, or to that of the two portions 
of licjuid contained in the branches of the tube, and cominu- 
iiicating with each other, but to transient chemical modifica- 
tions, which liavc been produced bji heat in one of these 
portions. 

It is |carccly necessary to remark expressly, that it is pos- 
sible also to have liquids whose colour does not change, in 
whatever wav they are submitted to the action of heat, and in 
which notwithstanding, transient chemical changes, take place, 
for the qualitative changes of a body arc not always necessarily 
accompanied by a change of colour. Those liquids which are 
found in this position, should also, by consequence, be in 
a state to produce a current when they arc uneciually heated. 
Now the result of my experiment proves that the dissolutions 
of many nitrates of mercury possess in a very high degree the 
property in (question, when they are submitted to an unequal 
heat, and it is knowm that j:he solutions of this species are 
colourless at very different temperatures.^ 

Let us now suppose that the preceding remarks are per- 
fectly exact ; the result would be that a galvanometer would 
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offer to the observer an instrument, which would put him in a 
position where he could demonstrate the existfoce of chemi- 
cal actions, in which nej reaction is announced, and tvhere up 
to the present time no modification was believed to be ope- 
rating in the chemical constitution of the substance under 
observation. I have already named, besides the galvanometer, 
the chemical microscope, and I believe that the facts which I 
have just described are suflieient to justify this denomination. 
It will be by consequence vfery desirable, that those chemists 
who are devoted to scientific research, will make use of this 
precious instrument more frequently than they have hitherto 
done, and that they will make above all an attentive exami- 
nation of all the important chemical combinations, which serve 
as conductors of the current, in order to knew the influence 
which they exercise on the galvanometer when they are 
uiiec|ually heated. 

Permit me, in terminating this work, to express some ideas 
destined to make comprehensible the importance which 
isometry will probably sooner or later exert, for that part of 
geology wdiich is united to chemistry. In considering under 
a chemical point of view the parts which constitute the crust 
of the earth, we ought to be surprise*! to see certain elements 
predominate over others in the. rocks of certain geological 
formations. I do not wush to recall here the enormous masses 
of calcarcbus carbonate, which arc encountered in those which 
are called sedimentary earths. On the other side it is not 
rare to find in the same formation chemical productions 
extremely different, placed one by the side of the other, and, 
what is very remarkable, in such a manner sometiu\es that 
the one passes th(f othe? by degrees almost insensible, as is 
seen for example in the calcareous carbonate and the dolomite. 
These transitions take place sometimes under circuifistanccs 
which cause us to think of the transformation of one of these 
substances in tlfe other. ' And, in effect this idea has been 
suggested at an anterior epoch, but has ordinarily been repul- 
sed as a prolduct of the imagination of the alchemist, anU has 
been declared completely inadmissible. 

Under a chemical point of view, wc ought, it is true, to sup- 
pose that s'uce our earth exists, the same elements of which we 
have knowledge at the present day have always existed, and 
that all the diverse geological formations, inasmuch as they 
relate to chemical actions, have been Owing to the affinity of one 
of these elements for the other. As to the transformation of . 
one substance into another, it is a fact we are not able to 
admit ; and then say, liow, under the relation of quantity, 
the elements are united in such a manner as to be able to 
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form precisely compound combinations after ihe ciiemical 
proportions, iiiid how these substances, ^ which have power to 
combine among themselves, have so happily mot : the chem- 
ists’ do not believe themselves bound to give in this point of 
view any^plausiblc explanation, and they put this fact to the 
number 'of those on which actual science does not possess 
sufficient elements. 

Further, the singular fact, that certain substances, accom- 
pany each other, or always avoid ‘cach other, i^d that these 
substances, are then found as often to be of bodies which 
oSer a passable resemblance in their chemical character, such 
as, amongst which we find together, the chlorine, broiiie, 
and iodine ; sulphur and selenium ; platinum, iredium, palla- 
dium, baryte, and stroiUian; potash and alkali; this fact 
ought to be considered by the chemist of pur days as Si pure 
hazard, two elements being always separated in his eyes by 
ail abyss quite impossible to overcome. 

In the opinion of many philosophers, there may have been 
a time in whic^ all the constituent elements of our planet 
may have oxistel in a state of insulation. Hut this hypothesis 
implies here, tlvat the compound boilies with which wo meet 
at the jircscnt day, have been formed one day by moans of 
synthesis. Wc can, according to my ideas, makegood several 
arguments which are not favourable to this point of view, and 
which ])ermit the supposition that many chemico-geological 
products have been found by another way than that of com- 
])osition, by means of elements which w^c can at the present 
day separate. If the substances which we regard as element- 
ary, were once found in a state of complete insulation, and 
they may have been at the same time submitted, as at our day, 
to the law of gravity, they would have been obliged, it seems, 
to arrange themselves the one on the other, according to their 
specific gravity. But as it is easily comprehended, would 
alone have sufficed to hinder the combinationfs of several of 
those elements which are now found united. In truth, when 
the chemist pretends that in the primitive times, these elements, 
disposed one on the other, in beds or layers nearly concentric, 
well mixed together by the effect of an unknown cause, and 
which will come suddenly into activity (an hypothesis wliich is 
accorded to it, as we accord to astronomy that of an impulsion, 
when there is need to explain the curvilinear movement of the 
planets), this hypothesis will make comprehensible the exis- 
tence of many geological products ; but at all times, a great 
number of geologioo-chemic facts will remain enigmatical to 
U3y and even inexplicable. 

But if many substances which we consider as compound, 
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234 On the Change of Colour of Bodies, 

have not been formed by the Avay of ordinary synthesis, it is 
still a question, at leaat to admit, for the sake <Sf convenience, 
that they have been created such as they are at the present 
day, or that they have always existed in the same state, it is 
yet a question, what origin have they had. As for piyself, in 
acknowledging all that we cannot yet answer to this question, 
no more than others, (joncerning the origin of mincralogical 
products, I think that isomery will aid us as wo advance to 
resolve a gre.*^t number of *‘chemico-geological problems. As 
this new branch of chemistry becomes developed sufficiently, 
for the acknowledgment as isomerics, those substances which 
we have been forced to regard up to the present day, as 
elements, and we shall the light of day spread itself on many 
subjects which arc yet covered in a profound obscurity. 

Jt is a true principle, and let it for that bo often repeated, 
that nature attains by the most simple means, the greatest and 
the most varied ends. How complicated and how grand are 
the effects produced by gravity, the action of which at the 
same time obeys a law so simple ! If then we suppose that 
the numerous different substances which constitute our earth, 
arc the product of a small number of elementary substances, 
united amongst themselves in a manner the most varied in 
their proportions, and in the mode of their combination, 
we have there an hypothesis which we are authorized to 
make by^analogies, and which will scarcely leave us accusablc 
of \vandering in reveries or metaphysics. Let us represent 
the small number of substances which wc admit hypothetically 
as elements, submitted to the influence of very different 
temperatures, of voltaic currents of different energies of 
various forces of pressure, &c., we may conceive how 
in those circuinstcnnccs so different, the bodies ihe^most different 
have power to he formed by means of a small number of ele- 
ments, these bodies in particular, which wc use for decompo- 
sition, rclativcty feeble, do not permit us to resolve into their 
elements. Wc know already some facts, which give us 
authority tb presume, that some substances which arc now 
regarded in chemistry as simple bodies and which ought as 
such, to be invariable in their essential properties, would 
evince very considerable modification when they are exposed 
to ccTtidn influences and in particular to those of electrical cur- 
rents and to beat. It has long been known that sulphur can 
assume very" different forms, and that, suddenly cooled after 
having been heated it passes to a' state of coherence essentially 
different from that which it previously possessed. Phosphorous 
ami selenium present similar phenomena. In my electro- 
chemical researches, I have myself recently obtained results, 
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which demonstraie that iron, which is regarded as elementary, 
can, under file relation chemical a|id under the relation 
physical, take such modifications, tha<:, in its new estate one 
ought to regard it in some manner as quite another metal. 
From tljc state of a body very oxidablc, it is transformed into 
a substance neuter with regard to oxygen ; a metal eminently 
electro-positive, it becomes a metal electro-negative. Similar 
modifications have already been observed in some other very 
oxidable metals. Though these fnodifications Wo it is true 
but transient, and that up to the present time yo means have 
been found to render them permanent, it dops not yet follow 
that, by, example, this result will not absolutely be obtained for 
iron. It results from this, that the above modifications, area 
proof that many bodies which are called elementary, do not 
bear the character of absolute invariability, in that which con- 
cerns the properties which are ordinarily regarded as e.ssential. 

In like manner, as the chemist ought to furnish to the geo- 
logijin his aid in extending that science, so ought tlie g(*olo- 
gian, in Ins turn, to lend tils aid to the clieniist. Like light, 
are not the geological explorations spread on the history of 
organized beings, and what dls(;ov cries may we not hope to 
nniKO in th(3 field ot‘ zoology, by the researclies evcMi which are 
made in ouv days, on the nature of animals which peojiled 
the primitive world? 

Wo may be well pe^rmltted to suppose that the 1‘ortnation of 
the inorganic bodies of our earth has takmi place after deter- 
mined laws, as much even as that of organised beings wliich 
have perished ; tliat in other periods of the history of our 
planet, there have been epochs of chcrrncal formations, as there 
have been periods of organic creation : and i.^ it not impossible 
that both the*one and the other have been in a certain mutual 
dej)endaPjce, and that one of these classes of phenomena lias 
had in the other the cause of its existence ? Now, if, in tlie 
actual moment, geologians were to make a strong effort to 
direct all their attention on the organic remains of primitive 
times, and, by a self-compulsory effort, construct, with the 
monuments of the first ages, a basis for the history of our 
globe ; if, further, we should acknowledge that in the course 
of the last twenty years the zeal and the perpicuity of geo- 
logians devoted to this part of the zoology and botany which 
belongs to their science, have obtained the most extraordinary 
results in this domain, aifd have arrived at the solution of 
problems the most difficult, i£ ought not to be a case for doubt, 
that the chemical side of geology has not at least attracted 
that regard which it merits. But as it is certain that essen- 
tial modificatiions, which our globe has suffered in anterior 
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epochs, have been produced by chemical forces, it will result 
therefrom, that the geqlogian must necessarily §tudy the mat- 
ter of the globe underta point of view purely chemical. 

In order to arrive in the field of research at results which 
have some value in science, we ought to take the sajne ways 
by which the geoguostic zoologists liavc acquired the* know- 
ledge which they possess on the organic life of the primitive 
world. We ought to study with the greatest degree of care 
each particular* geognostic product ; we ought to determine 
also, as exactly as it is possible, Jhc mutual relations of these 
products in their nature, both cliemical and physical, and in 
their chronological succession; and, at the same time, to 
make the most scrupulous comparison between the product 
which we obtain by the aid of cliemical forces yet activ e at 
the present day, and the inorganic liodics of the primitive 
world. In a word, we ought to commence by creating a geo- 
cheinic comparison before we can possibly have a true geology, 
bc3fore the mystery of the creation of our world can be dis- 
covered, and the masses which compose it. Ilut in order to 
arrive at this elevated and truly gigantic end, which is proposed 
to science, it is necessary not only to tfike advantage of all 
the men who possess not only all tlie knowledge which plilo- 
sojihy and chemistry is able to furnish, but also who arc en- 
dowed with that rare faculty of grouping and collecting, under 
different,” general points of view, those masses of particular 
facts, and to discover a relation and connexion between phe- 
nomena altogether strangers in appearance. It is necessary 
that there arise a man who will be to geological chemistry 
that which C'uvicr has been to the anatomy of the animal fos- 
sil kingdom, and* what Newton has been to astronomers. 


XXX — On Electro-type from Engraved Copperplates. 

By Samc^l Cautwuight, I'^sq. 

Having been favoured by Samuel Cartwright, Esc^., of 
Preston, vvith an excellent specimen of printing on address 
cards, from an electro-type plate which that gentleman had 
made, 1 immediately wrote to him requesting that he would 
favor me m ith the plate, in order that 1 might be enabled to 
place !ipecimens of printing, from it, before the readers of 
these Annals. Mr. Cartwright finding that he could not 
comply with this request, in consequence of the plate being 
presented to the I.ancaster scientific exhibition, immediately 
proceeded to prepare another, which, as soon as ready, was 
very kindly presented to me by that gentleman, who waited 
on me at tins Institution for that purpose and, in the most 




By Samuel Cartwright, Esq. 237 

liberal manner, coramimicated to me all the particulars of tlie 
process, which is the lollowing. . 

To the back side of the engrave^ plate intended to be 
copied, is soldered one end of a copper wire ; and to the 
other eqd of that wire is’soldered the zinc plate of the opera- 
ting vdltaic battery, which consists of a single pair of metals 
placed ill a porcelain jar, having the copper side in a solution 
of sulphate of copper, and^thc zinc side in water, or in salt 
and water. To the farther end of the conducing wire be- 
longingTto the copperside of the battery is sojIJered another 
copper plate, about the size of the engraved >'ne. When the 
battery is prepared, the] two copper plates at the farther ex- 
tremities of its wires, are to be placed in a strong solution of 
sulphate of copper, the engraved one with its face upwards, 
and the other direc'.tly over it, but not to be in contact witli 
each other. With this arrangement, the cujierous solution 
becomes decomposed, and Ihe liberated copper is precipitated 
on the face of the engraved plate : whilst tlie eopjier plate of 
copper ill that vessel, suffers dissolution, and feeds the solution 
with fresh portions of eojipcr. 

At the end of about three days the newly formed plate will 
be tiiiek enough to remove from the engraved one, and the 
impression will he a very faithful copy of the original one. 
having the letters and other characters in similar to 

those on a card printed from the engraving. 

Since Mr. Cartwright’s visit to this institution, Dr. Good- 
w'in, of this town, has taken a very good oleeftro-type plate 
from the engraved copjicr-platc from which his adilrcss cards 
are printed ; and several other gentlemen arc now preparing 
electro-type plates by similar means. ^ 

From my Own experience, I find that the dissolution of the 
copper-{)late, which is connected with the copper side of the 
battery, is very rapid, and when thin, if care be not taken, 
small fragments from it will fall down on ttic lower plate, 
which, if not removed, might injure the process. To pre- 
vent any accident of this kind, 1 put the upper* plate in a 
muslin bag, which prevents the fall of any fragment. If, 
however, the plate be sufficiently thick to outlast the process, 
there will be no need of this precaution. The face of the 
electro-type plate is as smooth as the original, and every 
scratch, "however minute, will be faithfully transferred. 

' ^ WILLIAM STURGEON. 

Royal Victoria Gallery, for the 

encouragement of Practical 
Science, Manchester. 

P. S On my requesting to print from Mr. Cartwright’s 

electro-type 'plate, I received the following letter. 





238 0?i Electro-tj/pe Engraved Copper Plates. 

Dear Sir, — I have no objection to your jjublishing, as you 
desire, the Electro-typ^. I made for you ; but ’must request 
that your readers may| at the same time, be informed that I 
consider it very inferior to what a more practised person 
would produce. — It is only the second I have made 410 print 
from, and before attempting this process I never constructed 
or used a galvanic Battery. — My reason for sending it to you 
was, as I have ^efore stated, to shew that the process may be 
performed by Luy person who will take the trouble of reading 
the accounts ot it published in you Annals of Electricity, and 
other periodica^. 

The plate is just as it came from the Battery, no graver, 
burnisher, or even d)arcoal has touched it, except in drawing 
the lino under my name, to distinguish, its impressions from 
those of the original^platc. 

Yours truly, 

SAMUEL CARTWRIGHT. 

Preston, 21 st Aug. 1840. 

The next business is to proceed with the new electro-typc 
plate, in the same manner as had previously been done with 
the engrayed one ; and a fac-simile of the latter will be ob- 
tained. The process should be continued four or five days to 
give sufficient thickness to the plate to be printed from. 

Ill order that the electro-type may leave the original plate 
without injury, ]Mr. C'artwright covers the face of the latter 
with bees’ wax, aqd whilst warm w ipes of the greater part, 
leaving only a thin film. The back part of the original plate 
and its conducting w ire are covered with sealing-wax yarnish, 
to prevent unnecessary deposition of copper on those parts. 

In the elcetrc-type plate will be seen two specimens, one 
from the electro-type, the other from the original plate. 

W. S. 


• Whrn plrttro-typc cojnes of inpilRl1inn5i nro to be formed in easts of filasstor or oHxcr porous 
muteridJa, Mr. Speueer gives tlie tbllowing ingenious mode of giving those matrices the necessary 
surfaces, , 

The porous matrix is to be <lippcd mto a weak solution of nitrole of silver, a portion of which 
becomes absorbeii. It is next exposed to the fumes ol*a wann alcoholic solution of phosphorous, 
and the uhsorbeil nilrate of sil>er bec«onies docompused. 

Mr. Parry, an ingemou'' gentleman of this town, has lately obtained good electro-type im 
pressions ft'om the green Icam's ot tn^s, by properly placing those leaves so as to receii^ th« 
deposited copper by voltaic copiM-r.— W' . S . 
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XXXL—MISCELLANEOljS ARTICLE. 

On the Application of Electro- Magnetism as a AJotivc 
Potvef ; in a Letter from Prof. P. Foubes, of Aberdeen, 
to Michael Faraday, D. C. L., &c. 

King’s follegc, Abcrdcfli, Oct. 7, 1839. 

My dear Sir, — Having seen a notice from Aljr. Jacobi sent 
by you to the London and Edinburgh Piiilsophi/d Magazine, f 
regarding the success of his experiments on the production of 
a moving power by electro-magnetism, [ am sure it will give 
you pleasure to know that a countryman of our own, Mr. 
Kobort T3avidson, of this placi*, has beeiwcmincntly success- 
ful in his labors in tlie same field of discovery. For in the 
first })lace, he has an arrangement by which with only two 
ele(;tro-magncts and less than one sipiare foot of zinc surface 
(the negative metal being <*oj>per) a lathe is driven with such 
veilocity as to be <‘apable of turning .small artic les. Secondly, 
he has another arrangement, by which, with the same small 
extent of galvanic power, a small carriage is driven on which 
two persons were carried along a very course wooden floor of 
a room. And be has a third arrangement, not yet completed, 
by which, from the imperfect experiments he has^matiehe 
expects to gain very considerably more force from the same 
extent of galvanic power than from either of the other two. 

The first of these two arrangements were scon in operation 
by Dr. Fleming, Professor of Natural Philosophy in this 
University, and myself, some days ago ; and there remains no 
doubt on our minds that Mr. Davidson’s arrangements will, 
when finished, be found available as a highly useful, efficient, 
and exceedingly simple moving power. He has been busily 
employed for the last two years in his attempts to perfect his 
machines, during all which time 1 have been acquainted with 
his progress, and can bear testimony to the great ingenuity 
he has shewn in overcoming the numberless difficulties he has 
had to encounter. JSo far as I know' he was the first who 
employed the electro-magnetic power in producing motion by 
simply suspending the nfiagnctism without a change of the 
poles. This he accomplislied about two years ago. About 
the same time he also constructed galvanic batteries on Pro- 
fessor Daniell's plan, by substituting a particular sort of 

* Communicated by Dr. Faraday. 
f See L. & £. Philos. Mag. for. Sept., p. 164. 
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canvas instead of gut, which substitution answers perfectly, is 
very durable, and cam be made of any form'^or size. And 
lastly, he has ascertained the kind of iron, and the mode of 
working it into the best state for producing the strongest 
magnets with certainty. " 

The first two machines, seen in operation by Dr. Ilemming 
and myself, are exceedingly simple, without indeed the least 
complexity, ajfcd therefore easily manageable, and not liable 
to derangemdit. They also take up very little room. As 
yet the extent of power of which they are capable has not 
been at all ascertained, as the .«^ize of battery employed is so 
trifling and the magnets so few: but from what can be jugded 
by what is already done, it seems to be probable that a very 
great power, in no degree inferior to that of steam, but much 
more manageable, much less expensive, and occupying 
greatly less space, if the coals be taken into account, may be 
obtained. 

In short, the inventions of Mr. Davidson seem to be so 
interesting to rail-road proprietors in particular, that it would 
be much for their interest to take up the the subject, and be 
at the expense of making the experiments necessary to bring 
this power into operation on the great scale, which indeed 
would be very trifling to a company, while it is very serious 
for an individual by no means rich, and who has already ex- 
pended so much of his time and money for the mere desire 
of perfecting machines which he expected would be so bene- 
ficial to his country and to mankind. For it deserves to be 
mentioned that he has made no secret of his operations, but 
has shewn and explained all that be . has done to every one 
who wished it. cHis ibotivoj^ have been quite disinterested, 
and I shall deem it a reproawi to our country* and country- 
men if he be allowed to languish in obscurity, and net have an 
opportunity afforded him of perfecting his inventions and 
bringing them*^into operation, when the promise to be pro- 
ductive of such incalculable advantages. 


L. & E« Philos. Msg. 
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He condodes this/his first fi^port, by re- 
commendii^ a series of enquiries^ ten in number, Which Will supply 
the desiderata immediately re<|mred by the engineer and t>y the 
chemist* ^ , v a , . * 

We have nejrt to notite a report bjr Professor Powell, ** On the 
present state of our knowledge of Retractive Indices for the standard 
rays of the solar spectrum in different media.” The difficulty which 
the. fact of the dispersion of light has offered to the universal ap- 
plication of the undulatory theory, has been in a great measure 
removed by the analysis of Cauchy and others, who have considered 
the distances o** the undulatory particles as quantities comparable 
to the length of‘ a wave. V^elocitics of propagation of the different 
ray ft of the spectiHim, are made to depend upon length of wave 
which constitutes a ray of a given colour, and upon certain constants 
proper to the medium. These constants being^obtained from ob- 
servations on reft-active indices for certain definite rays (or dark lines) 
of the spectrum, the refrangibility of any other definite ray (whose 
wave-length has been ascertained by examining an interferences 
si)ectrum), becomes known, and may be compared w^ith observation 
as a test of theory ; such experiments have been made by Frauen- 
liofer, Rudbei-g, and Professor f'bwell, who has given a tabular view 
of^ie various results, withput; however, instituting the comparsibn 
be^cea theory and observj^,tton, which it would be desirable to«<ex- 
tend further than hcas yet been done. It would be important also 
to duuidate the disturbing effect of temperature, which prevents 
even existing obaervatious from being rigorously comparable. 

The calculations respecting the tides, which have been prose- 
cuted by the aid of the Association ever since its institu^'on, have 
been continued this year by Mr. Bunt, under the direction of Mr. 
WhewelL 1 hese calculations have now reached such a point, that 
the jpnathematician, insteaiP of being, as at the beginning of this 
f)eriod, content with the first rude approximations, is now strug- 
gling to obtain the last degree of accuracy. 

'rte yuntry in which we are now assembled has always been 
• conl|)icaoU3 fw attention to meteorology, a 'branch of physic^ 
science in whicn the British Association, with its power of com- 
bining the effbrts^f many observers in distant quarters of thb globe, 
may* l#ope to be especially Useful. 

In Seotlaml, Leslie opened a new train of inquiry, by examining 
the eartli-'a temperature at different depths ; and his successor in tlie 
Unive^iiy of ^Edinburgh is now directing, at the request of the 
. Associ^oU^' a large and comfilete course of experiments on that 
"interesting subject. Framed iti^ponformity with the plans adopted 
finr ^tHUar^ol^cts by Ahigo and Quetelet, these: researches of 
Profesaor^F.nrlm contetn ali^ the’ means of d^rmining the power 
of condtjf^n^/L'atV '^^^ torts of rock posses ; aiid may 

thus,rtbraia>^ <^>o|[|'some of those peculiarities in the distribution dt'l 

surface, which have be- ^ 
but Ore not explained by theory. 

Sir f)avid BHeWster was the first to obtain an hourly 
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meteorological journarfor a series of years, and to draw from that 
fertile source new and important deductions, whicli have had a 
powerful influence on the progress of scientific meteorology. How 
gratifying Jp receive, through the same hands, after a lapse of nearly 
fifteen years, an additional contribution of the same kind, and from 
the same country ; but embracing new conditions, on a new line of 
operations, in order to obtain new results. By the observations 
now in progress at hivernoss, and at Kingussie, the influence of 
elevation in modifying fho laws whicli have been found to ^govern 
the hourly distribution of healr near the level of the sea, may be 
discovered, and thus a great addition be made to the experimental 
results, for wliich science has long been grateful to the distin- 
guished philosopher wc have named, and whicii have been de- 
serilied as of the higliest value to meteorology, and as the only 
channel througli which any specific practical information can be 
obtained in this most interesting department of physics.” 

This is no ordinary praise. It is the just tribute ,of one who is 
worthy to offer it ; one, w4io at the call of tin* British Association, 
has conducted at Plymouth a still more extensive aeries of similar 
observations, and Jias added to them hourly comparisons of the 
temperature and moisture of the air, and an hourly record of baro- 
metric oscillations. Mr. SnoAv Hcirris lias presented in a few pages 
of MT last report the precious results ol 70,000 observations, 
and thus rendered them immediately available in the foundations 
of accurate meteorology. The documents thils patiently collected 
are, however, not yet exhausted in value ; they miy be again and 
again called into the court ol‘ science, and made to yield testimony 
to other, and as yet, unsuspected truths, 'fhey must not be lost. 
Shall we lay them by in manuscript among other unconsulted 
records of the past labours of men, ov bv undertaking their publi- 
cation, do justice to our workmen, and Atablish a new claim oirthe 
imitation of the present, and the gratitude of future -days ? This 
question is of serious import. Already, stimulated by success iq 
thermometric registration, wc have set lo work on a more perplex- 
ing problem ; we ha'ire resolved to bind even the W£^idering winds 
in the magic of numbers. While we speak, tlie beautiful engines 
of our Whewells and Osiers are tracing at every instant of time the 
displacements of the atmosphere at Cambridge, at Plymouth, at 
Birmingham, in Edinburgh, in Canada, In St. Helena, and at tlie 
Cape of Good Hope ; and, ere long, we may hope to view, asso- 
ciated in one diagram, the simultaneous movements' of the air over 
Europe, America, Africa, India, and Australia, recorded with in- 
sti'umcnts whicli we ha>ie ehosen,^ by men whom we have set to 
work. * 

Amongst the causeg which tend to retard the progress of science, 
few, perhaps, operate more widely than the im^liment to a free 
and rapid communication of thought and of experiments, occasioned 
by difference of language. It appeared to the British Association 
that this impediment might, in some degree, be removed, as ftfr as 
regards our own country, by procuring, and causing to be pub- 
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lished, translations of foreign scientific memoirs judiciously selected. 
•Accordingly, at each of the meetings at Newcastle and Birming- 
luini*, a grant of 100/. was placed at the disposal of a committee 
appointed to carry this purpose into effect. Aided by the contri- 
butions of several translations which have been gratuitously pre- 
sented to them, the committee have been enabled, in the two last 
years, Co publish fourteen memoirs on subjects of prominent inte- 
rest and imj)ortmce in the nmtliematical and physical sciences, 
bearingjthe names of some of tlie most eminent of the continental 
philosophers. 

Such, gentlemen, is an imperfect review of our recent proceed- 
ings. In two essential respects the British Association differs from 
all the annual scientific meetings of the Contimciit, no one of which 
has printed I'l'ansactions or employed money in aiding special 
researches. We also differ from them in the conmiuni cations which, 
in the name eff the rcjirc.sentativcs of science, assembled from all 
parts of the United Kingdom, we feel ourselv<*s authorized to make 
from time to time to the Govei’mnent subjects connected with 
the scientific character of the nation. On our first visit to 8cotlaiu\, 
for example, we felt it to be an opprobrium that this enlightened 
kingdoni shflukl, in one esseiiBal feature of civilization, be still 
behind mipiy of the continental states, and we j)reparcd an address 
to his late Majesty's Government, urging strongly the nccessitjjr of 
the construction, without delay, of- a map of Scotland, founded on 
the trigonometrical* survey. Representations to the same effect 
have since beer? made by the Royal Society of Edinburgh, and by 
the Mighland Society, and the? subject has now engaged that atten- 
tion which will, v/e trust, soon procure for this country the first 
sheets of a lafgc ami complete map. * 

then, it be asked why arc the men of highest station happy 
to ,<^sociate and mingle wdth us in official duties ? Why have the 
heads oftlie noble houses of Fitzwilliam, hansdowne,* Northamp- 
ton, Burlington, N orthumberland> and Breadalbanc, alternated in 
presiding ove**^ us, with ouf Bucklands, our Sedgwiefcs, our Bris- 
banhfj, our Lloyds, and our Harcourts ® Why, indeed, on this very 
occasion has Argyll liimiselfi overlooking the claims due to his high 
position, and his ancient lineage, come forw^ard to act with us, and 
ev(?liT:o serve in a subordinate office ? May we not reply, that it 
is, we believe, a conseqirence of tile just appreciation on the part 
of these patriotic and enlightened noblemen, of the beneficial iuiiu- 
ences which this Association exercises in so many ways on the. 
sources of the nation's power "and honour. 

If we have hitherto dwelt aljrtost exclqsively on the value of our 
Lfknsactions, researches, recommendations, and the §ood application 
of our ffnances^ let it not, however, be supposed, that we are not 
also fully alive to the advantages which flow from the social inter- 

• ^he of Lanslll^wne, wiio had acccptetl tin* oflTicc, was prc*\cntccl < 

from atbiidink ’by' deep doniCi«H5c;aflli**ifon, and th** Marqui" « ' Noijhauipton 
ch«erftilfy suppHod m« placo. , ' 
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course of tl>esc meetings^ by bringing together, into friendly 
communion^ from distant parts> those who arc struggling on (^ften ' 
remote and unassisted) in advancing ex])crimental science. * If, 
indeed^ this principle of union (which we are proud to have bor- 
rowed front our German brethren,) has been hitherto found to work 
so well amongst our own countrymen, we cannot but doubly recog- 
nize its value when we see assembled so many distinguished persons 
from foreign countries. In the presence of these eminent men, 
we forbear to allude to individual distinctions, conscious t^at any 
brief attempt of our own would fall far short of a true estimate of 
merits, the high order of which is indeed known to eveiy cultiva- 
tor of science in Britain. Well, however, may we rejoice in liaving 
drawn such spirits to our Isle ; valuable, we trust, will be the 
comparisons we shall be enabled to make betw'een the steps which 
the different science^ are making in their countries and in our own. 

That advantages, indeed, ol no mean order arise from such 
social intercourse, is a feeling now .so ^irevalcCit, that foreign na- 
tional os.sociatioiis for the promotiob of natural knowledge, liave 
rapidly increased. Germany, Trance, and Italy have their annual 
assemblie-s, and our allies of the Northern States hold their sittings 
beyond the Baltic. In all this tbfre is doubtless muCh good, but 
an occasional more extensive iniercoui-'^e^of a similar naUire, to be 
repeated at certain intervals, is greatly be desired. 

It has therefere .appeared to us (and \vc say it after consultation 
with many of our continental friends, who etjftally feel the disad- 
vantage), that the formation of a general congress o# science might 
be prointjted at this meeting, which, not interfering with •any 
assemblies yet fixed upon, or oven con tern pltited, may be so 
arranged a?; to permit tlie attendance of the ofH(*eft and active 
members of each national .scientific institution. 

If the British Association should take^he first step in proposing 
a measure cf tliis kind, and should .solicit the illustrious Huinboltit 
to act as Bresident, we are sure^hat scientific men of all nations 
would gladly unite in offering this honai^e to a man whose life jm<i 
fortune have been spc^it in their cause,, whose voice been .‘'•onn- 

strumental in awakening Kurope to the inquiry into thel;l^\sof 
terrestrial magnetism, and whose ardem searcii nature's truths 
has triumphed over tliet^Xndes and the Altai. • • 

If such be your .‘suggcslion, tlien vrill ip fresh laurel be added to 
the wreath of this city. She who, through the power l>equeatimd 
to her by lier illustrious offspring, convoys ^ ith rapid transit her 
inventions and her produce to tlie renfotest lands, well can she c.sti- 
mate tJic value of an union of men jvJiose labours can but tend to 
cement the boiiJfe of general peace. In such a body the BritisTT' 
representatives would, ^w*e trust, form no unconepicuous band ; and 
with mindi) strengthened by the infusion of fresh knowledge, they 
would, on re-asscmbling for our own national ends, the better 
sustain tlie permanent and successful career of the British Asso- 
* ciation. 
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‘ Mr. Taylor, the Treasurer, then read the Report of the Receipts 
and Expenditure for the past year. 

Mr. Phillips announced the order of proceedings ; and* .ulded, 
that a steamer had been placed at the disposal of the Association, 
which would convey the members to Arran at six o’clol‘k on Satur- 
day morning ; ami that the railway proprietors litid olFered to 
convey members to and from Ardrossan. 

" SATURDAY. 

On a new method of Photogenic Drawing/’ by Dr. Schiifhaeutl. 

Atlcr some observations on the comparatively low value of all 
drawings taken by means of the camera-obsenra, in an artistical 
point of view, and on the principal points on which Mr. 'J’albut's 
and M. DagticM-re’s methods of fixing the drawings f)f the caniera- 
'obwScura'»were founded, the author piocoeded todeiJ(iribe Ids peculiar 
methods of producing photogenic tirawings in Mr. 'falhot's^ that is, 
in a negative way ; then, secondly, he described two new inetlmcls 
of obtaining photi>grap!is in a positivr way. H it. first method tended 
to obtain a^paper of v(‘ry great' sensibility by a comparatively short 
process,. He recommended Penny's imjiroved fiatent metallic pyper, 
and s])rcadiug a concentratexl solution of the nitrate of^ilver {J4()gr. 
to 2,^ diMclmis of fiisoil nitrate toh'Huid drachms of distilled water)^ 
by merely drawiitg the [laper over the suifuce of the solution con- 
tained in ii l;?rge dish. In order to convert this nitrate of .silver 
hit#) a chloride, the author exposed it to the vapours of boiling muri- 
atic acid. A coiiting ol’ chloride of silver, shining witli a peculiar 
silky lustre' was by this method generated on the surface of the 
p.'iper, without penetrating into its mass ; and in order to give to 
tbi.s coating of cJiloride thfe highest degree ot sensibility, it wa.s dried, 
and then drawn over the .surface of the solution oftlie nil rate of 
silver again. After having been dried, the paper was ready for use ,* 
and po repetition of tliis treutmeiit was able to improve its .seii.sitive- 
ness. The authors pruce.ss for fixing dcffinkivcly the drawing was 
as follows: — He steeped the drawing from five to ten minutes in 
alcohol, and, after removing all superfluous moisture by means of 
Lloaing-paper, and drying it slightly before the fire, the paper thu.s 
prepared is finally drav.in through diluted muriatic acid, mixed witli 
a few drops of an acid nitrate of mercury. The addition of the 
nitrate of mercury r 4 ,*quires great caution, and its proper action 
must be tried first on paper slips, upon which have been pro- 
duced different tints and shadows by exposure to light ; bc- 
Vause, if added in too great a (|uuntity, th§ lightest sliades 
di.sappear entirely- The paper, after having liccii drawn 
through tlie above-mentioned solution, is washed well in 
water, and then dried in a degree approaching to about 1 .jS" Eahr., 
or, in fact, till the white places of the paper assume a very slight 
tinge of yellow. The appearance of tin’s tint indicates that the 
drawing is fixed permanently. The author’s ’ivay for r(‘\Vrsing tfie 
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drawing is^ iii^the principal points> the same as that suggested by 
Mr. Fox Talbot. In order to obtain a photogenic drawing in a 
direfbt ajid positive way, the autlior uses his above-mentioned paper, 
allows it to darken in a bright sunlight, and macerates it for at 
least half an 'hour in a liquid, which is prepared by mixing 
of the already described acid solution of nitrate of mercury with 
from nine to ten parts of alcohol. A bright lemon-yellow preci- 
pitate, of basic hyponitrate of the protoxide of quicksilver falls, 
and the clear liquid is preserved for use. I'he macerated pa^cr is 
removed from the alcoholic solution, and quickly drawn over the 
surface of diluted hydrochloric acid ( 1 part strong acid to 7 or 1 0 
of water), then quickly washed in water, and slightly and care- 
fully dried in a heat not exceeding ^12^ of Fahr. 'J’he paper is in 
this state ready for being bleached by the rays of the sun ; and in 
order to fix the obtaii\^d drawing, nothing more is required than to 
steep the paper a few minutes in alcohol, which dissolves the free 
bichloride of mercury. The maceiation must not be continued too 
long, asaii that case the papei; begins to darken again. The author’s 
second method of producing positive photogenic drawings was by 
using metallic plates, and covering them w^ith a layer of hydruret 
of carbon, prepared by dissolving pitch in alcohol, and’ collecting 
the residuum on a filter, 'i'his, when well washed, is spread as 
equally as possible over a heated even metallic plate of copper. 
The plate is tlien carbonized in a closed box of cast iron, and, after 
cooling, passed betwixt two polished steel rollers, resembling a 
common copper-plate printing-preSs. The plate, alley this process, 
is dipped into the above-mentioned* solution of the filtrate of silver, 
and instantly exposed to the action of the camera.* The silver is, 
by the action" of the rays of the sun, reduced into a perfect metallic! 
state, and the lights exjjressedby the different density of the milk- 
white deadened silver, the shadows by the.' black carbonized platf^ 
In a few seconds, the picture is finished ; and the plate is so sensi- 
tive, that the reduction of the silver begins even by the light of a 
candle. For fixing the image, nothing •else is required, except 
dipping the plate in alcohol mixed with a small quaptity of the 
hyposulphite of soda, or of pure ammonia- 

Professor Graliam then gave an Abstract of Professor Liebigs 
New Chemical View’s relative to Agriculture and Physiology, >41^^ 
contained in his Report on the applications of Organic Chemistry 
in Agriculture and Physiology. 

The primary source, it is observed, when(*e man and animals 
derive the means of their grow’th ancP support, is the vegetable 
kingdom. Plants, on the otlier hand^, find new nutritive material 
in inorganic shbstanccs, * It is obvious, that the last proposi- * 
tion, if true, will afford firm basis on which to build the super- 
structure of the chemicarphysiology of plants. A different opinion 
has hitherto prevailed. The fertility of every soil has been generiilly 
supposed by physiologists to depend on the presence in itofa pe^ 
chliar substance, to w'hieh they have given the name of ktmais^ 
This substance, believed to be the principal nutrii^ent of phinta; 
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;jb(l to bo extracted by them from the soil in which they f>row, is 
itself tile product of the decay of other plants. The obvious ditfer- 
ence in the growth of plants, according to the known abundance oi- 
scarcity of kvmiis, was considered an incontestible proof of the cor- 
rectness ef this opinion. Yet Liebig adduces the nidst couciusivo 
proofs that humus, in the form in whicdi it exists in the soil, does 
not yield the smallest nourishment to plants. 1st. TJjc luftniis or 
humic acid of chemists, (obtained by means of precipitating nn 
alkaline decoction of mould or peat by means of aciils,) although 
soluble, when newly precipitated, is known to become completely 
insoluble when dried in tlie air, or wht?n exposed in tlie moist state 
to the freezing temperature. This is also demonstrated by treating 
a portion of good mould with cohl water. The fluid remains 
colourless, and is found to have dissolved less than 100, 000th part 
of its weight of "organic matters, and to cqjitaiu merely the salts 
which are pi*esent in rain water. Decayed wtwd also yields only 
slight tvaces of soluble materials. It has, indeed, been admitted 
by physiologists, that humic ^cid, in its unaltered condition, (^annot 
serve for the nourishment of plants ; and hence they have assuAied 
that the lime of the difterent alkalies found in the ashes of vegc- 
tables'render soluble the hurftic acid, and fit it for the process of 
assimila|ion. But even supposing the humic acid to be absorbed 
by plants, in the form that salt, which contains the largest pro- 
portion of humic acid, namely, the lumiate of lime, Liebig sho'ws, 
from the known f^uantity of the alkaline b.'ises contained in tlie 
ashes of plants, in relation to the carbon they eonmin, that not so 
much as t-JOth of the carbon of fir wood, nor so much as I -20th 
of the carbon of wheat straw, could be derived from bumus in this 
way. 2nd? Hiimate of lime requires 2,500 parts of stater for solu- 
tion. Now, supposing all the rain w^ater which falls upon a field to 
lieconic saturated with Ifumate of lime, and to be absorbed by the 
plants growing upon it, then the quantity of hamate of lime, which 
the plants thus nourished coulc^ obtain, miglit be calculated. But 
it pTpves to be quite insufficient to account for the carbon contained 
ih the corn^or in beet-root grown upon tlie land. 3rd. A certain 
quantity of carbon is taken every year from a forest or meadow, in 
the form of wiood or hay, and, in spite of this, the quantity of car- 
in the soil augments — it becomes riqlier in humus. 

The carbon of plants must therefore be derived from other 
sources ; and as the soil does not yield it, it can only be extracted 
from the atmosphere Physiologists, in attempting to explain the 
origin carbon in plants, Overlook the circumstance that tlie qyes- 
. ttonis intimately connected with that of the origin of humus. It 
* is universally admitted that numus arises from tHe decay of plants. 
No primitive humus, therefore, can have^existed, fur plants must 
have preceded the humus, I’hat plants derive the car/?o?t exclu- 
the decomposition of carbonic acid, chiefly and often 
by /the, atmosphere, is the conclusion to which 
They restore oxygen at the same time to the atrao^ 
phere^ agr^bly to the observation of Priestley, De Saiftsure, and 
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otheWi The decomposition of carbonic acj^, it is true, is arrested 
by the absence of light, and dieii plants appear to produce and 
evojve carbonic acid. But then, namely, at night, according -to 
Liebig/a true chemical process commences, in consequence of the 
action of the oxygen in the air upon the organic substances coin- 
posing the leaves, blossoms, and fruit. This process is not at all 
connected with the life of the vegetable, because it goes on in a 
dead plant exactly as in a living one. The formation of acids is 
effected during the night by a true process of oxidation ; the volatile 
oils also change into resins by the absorption of oxygen. Tift* car- 
bonic acid, which has been absorbed by the leaves and by the 
roots, together with water, ceases to be decomposed on the depar- 
ture of day-light : it is dissolved in tJie juices, which pervade all 
parts of the plant, and escapes through the leaves by evaporation. 
l^Jants which live in a soil containing hiiuius, exhale much more 
carbonic acid duiiiig ttie night than those wdiich grow in dry situa- 
tions — the decomposition of the humus in the soil affordipg addi- 
tional cqrbonic acid to the roots of the former. The opinion is not 
nevp that the carbonic acid of the air serves for the nutriment of 
plants, and that the carbon is assimilated by tliein, having been 
advocated by the ablest natural pMosopbers, but ha® not been 
properly appreciated by naturalists — partly, Liebig believes, from 
their imperfect acquaintance with chemisti'y, and partly from cer- 
tain objectionable experiments which wefe instituted by them in 
order to decide the point, lliat the developenM?nt of the plants 
growing from seeds sown in pure Carrara marble ai?4 hi sulpimr 
did not advance far, although sprinkled with carbonic acid wat^r, 
is not to be wondere<l at, seeing that many conditions, are necessary 
for the life of plants ; those of each genus requiring special con- 
ditions, and should but one of these be wanting, although all the 
rest be supplied, the plants will not be bnj^'iglit to maturity. Th.e 
sources of the nitrogen and earthy bodies, which all plants contain, 
were withheld in these experiments. The mere observation of a 
wood or a meadow, Idebig considers infinitely better adapted to 
decide the question, than all the trivial experiments under a glasci . 
globe. Having shown that the carbon of plants is derived from the 
atmosphere, Liebig next inquires what power is really exerted on 
vegetation by the humus of tlie soil. c o 

Woody fibre, in a state of decay, is the spbstance called humus. 
This body possesses the property to conveil oxygen into carbonic 
acid. A substance then remains, 7/ioidd, wliich is the product of . 
the complete decay of woody fibre. constitutes the principal 
part of all the strata of brown coal and peat. Humus is a coniimed 
source of carbofiic acid, whi<?h it emits very slowly. Such is the * 
chief function which Liebig ascribes to it in vegetation. There is 
no reason to believe that humus, if absorbed , by plants, would not . 
be assimilated, more than sugar, starch, and gum, which humus 
considerably resembles, and which, when absorbed by the roots of 
plants, are not assimilated, but again discharged by the roots, or • 
excri^ed b^tthe leaves. Cultivation is useful, as tilliug and loosed- 
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ing the soil- allows access' of air to the humus, and thus gives ‘rise 
• to the tbrmation of carbonic acid. When a plant is quite matured, 
and^when the leaves, the organs by which it obtains fW>d from the 
atmosphere, are formed, the carbonic acid of the soil is no further 
required. * 

T/ie Assimilation of Ih/drogen, — The solid part of plants (woody 
fibre) contiims carbon and the constituents of watCM* (C + H,0), or 
the elements of carbonic acid, together w'ith a certairi (puiutity of 
hydroggn. Tlie wood may be forinetl from a combination of the 
carbon of the carbonic acid with the elements of w'ater, under the 
influence of solar light, the oxygen of tlie carbonic acid being at the 
same time evolved. Or, — and this view Liebig thinks more pro- 
bable, — plants, under the same circumstances, may decompose 
water, the hydrogen of which is assimilated along with carbonic 
acirl. I’he oxygen disengaged from plants w'ill riierefore come from 
water. Hut tlie volume of this gas set free would be the same, 
whether ^eriv^ed from the decomposition of carlwnic acid or of 
water. A part, or the w'hole of the oxygen besides contained iji 
the carbonic acid, must also be set free, in th(» formation of such a 
substance as an essenti<il oil, whicli contains only a small portion of 
oxygen, or n*o oxygen, as a consfituent. 

On the Origin and Assiiqilallon of Nitrogen. — Prof. Liebig esta- 
blished the fact that the thy-d of the organic elements is unifoinily 
derived by plants^from ammonia. Like Avater, that body admits of 
numerous transfortfiations in contact with other bodies, lie has 
demonstrated the existence of ammonia in the atmosphere, by 
original experiments, having obtained it in a minute but sensible 
quantity from rain water collected at a distance from all habita- 
tions. The cliflusion of this substance in tlie mineral Tvingdom is 
also evinced by the existence of calcareous nitre soils and rocks, 
thc#e being good reason tS consider nitric acid ns a product of llic 
transformation of the former. A salt of aimnonia also sublimes 
with the boracic acid, condensed ki the hot boracic lagoons of 'I'us- 
cany. , Ammonia is also olAervable in the state of a salt in the juices 
of plants. The juices of the maple-tree and df beet- root arc found, 
in the process of preparing sugar from them, to contain ammonia 
in considerable quantities. Putrified urine contains nitrogen in the 
lorfltit of carbonate, phosphate, and lactate vf uimnonia, and in no 
other form. It is employed in Flanders as a manure witli the best 
results. Animal manure, Liebig believes to act only by the forma- 
tion of ammonia. The^latter substance must also form the red and 
blue colouring matter of flowers. The evident influence of gijpsnm 
upon the growth of grasses, tli^ striking /ertility and luxuriance of 
a meadow upon which it U streAved, depends onl^ upon its fixing 
in the soil the ammonia of tlie atniospherq^ which would other- 
wise be volatilized with the water which evaporates. The aimnonia, 
which isin the state of carbonate, is then decomposed, as in the 
inanof^l^rev of sal ammoniac, and the sulphate of ammonia pro- 
duced. Tlie advantage of manuring fields with burned cla^ and 
the itortiiity of ffrruginous soils, which have been consiTcrcil aj< 
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facts so incomprehensible, are explained in an equally simple man- 
ner. The true c<'iuse is this: — The oxides of iron and alumina 
are distinguished from all other metallic oxides by their power of 
forming s^lid compounds with ammonia. The ammonia is sepa- 
rated from them by every shower of rain, and conveyed in solu- 
tion ,to the soil. Powdered charcoal surpasses all other substances 
in tJie power to absoib ammonia and other gases, and has been ob- 
served to promote vegetation in an extraordinary degree. Decaying 
wood possesses the same property. Humus, therefore, is ”iot only 
a slow ami constant source of carbonic acid, but is also a means by 
which the necessary nitrogen is conveyed to plants, h^itrogen, 
Liebig t)bserves, is found in lichens, which grow on basaltic rocks. 
Our fields produce more of it than we have given them as manure, 
and it exists in all kinds of soils and minerals which were never in 
contact with organiv: substances. The nitrogen in these cases could 
only have been attracted from the atmosphere. Carbonic acid, 
water, and ammonia, contain (he elements necessary for flie support 
cf aniinals and vegetables.'' The same substances (he adds) are the 
ultimate products of the chemical processes of decay and putrefac- 
tion. All the innumerable products of vitality resume, after death, 
the original form from which they sprung. And thus death — the 
complete dissolution of an existing generation — becomes'the source 
of life for a new one. 

But another class of substances is also necessary for the life of 
vegetables. 

The Inorganic Constitution of Plants — These * substances are 
found in the ashes left aflcr the incineration of plants, although in 
a changed ^condition. Many of these inorganic con,«|titiients vary 
according to the soil in which the plants grow, but a certain num- 
ber of them are indispensable to their developement- Phosphate 
of magnesia in combination with ammonia is an invariable cofisti- 
liient of the seeds of all kinds of grasses. Plants also contain 
various organic acids^ all of whit*]i are in combination with bases, 
such as potash, soda,^ lime, or magnesm. Of the diflerent srlkalnie 
bases found in plants,' Liebig finds reason to conclude, that any one 
may be substituted for another, the action of all being the same. 
But the number of equivalents of these various bases remains |:he 
same. The analysis oPBerthier and Saussure show that the nature 
of a soil exercises a decided influence on*^\;he (piantity of different 
metallic oxides contained in the plants wliich grow upon it : that 
magnesia, for example, was contained in the ashes of a pine-tree, 
grown at Mont Breven, while it was absent from the ashes of a tree 
of the same spegies from Mont La Palle, and that even the propqr- 
tion of lime and potash was very different. But altliough the com- 
position of the ashes of these pine-trees was so very diuerent, they 
contained an equal number of equivalents of metallic oa^ides; or, what 
Is the same thing, the quantity of oxygen contained In ap the phases 
was in both cases the same— ‘being expressed by the dumber in 

one case^, and by 8 90 in another, a coincideucewhich ha^ Ae 

notice of the analyst himself. It is certain that panic(|3ar^ acids enter 
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into different vegetables, and are noceasary to their life; sotuc ulkidine 
, base is also indispensiblc^ in order to enter into combination with the 
acids, which are always found in the state of salts. The 
developement of a plant is therefore dej)ondcnt on the presence of 
alkalies or alkaline earths, and its growth is arrested when these sub- 
stances are totally wanting, and impeded wlien they arc only deficient. 
Hence it is that of two kinds of tree, the wood ot w'hicli coutaitus un- 
equal qiianiilies of alkaline bases, one may grow liixurianily in several 
soils, upon which the other can scarcely vegetate. Thus 10,000 parts 
of OAk-«rood yield 250 parts of ashes, and tho same quantity of fir- 
wood only 83 parts. Hence, firs and pines find a sufficient quantity 
of alkalies in granitic and barren sandy soils, in which oaks will not 
grow. Liebig supplies varioas additional ilhistralioiis of the inffucnco 
of the alkaline metallic oxides on vegetation, amply sufficient to place 
beyond controversy these conclusions, so important t(» agr culture and 
to the cultivation of forests. One of these IVofe.'feor Gr.iham (juoted : 
a harvest of grain is obtained every thirty or forty years from the soil 
of the Cfticburg heath, by strgwing it witli the ashes of the heath 
plants whicll grow on it. These jdants, during the long period inoy- 
tioned, collect the potasli and soda from th ^ decomposing minerals of 
tlic soil, .whicll are convoyed to ll^m by rain water; and it is by means 
of these alkalies that oats, barley, and rye, to which they are indis- 
pensable, «ife enabled to grow on this sandy heath. Tht*. 8Up|)usitioii 
of alkalies, metallic oxidesjioflc* inorganic matter in general being^pro- 
diiced by plants, ^is eiUiody refuted byiisiich well uulhcnticalcd facts. 
It is thought very remarkable, that lliose plants of the grass tribe, the 
seeds of which* furnisli food for man, follow him like tlic domestic 
animals/ But none of our corn plants can bear pci feet seeds, that is, 
seeds yielding flour, without a large supply of phosphate t)f magnesia 
and uinmonui, .substances whicll they require, for thert' maliirity. 
Hence these plants grow only in a soil where these three constituents 
arc^found couibiiiod, and Tio soil is richer in them than those wlicrc 
men and animals dwell together. Professor Liebig then applies these 
groat fundamental principles, iu khis rej)ort, u» the art of cutlurc, 
under Jlie following heads: •use of humus — uiuritioii and growth of 
plants — uecesgity of azutized substances — influftnee of tho food on the 
produce— composition of soils — tlie fertility of soils — fallow. Then, 
under the head •of interchange (rotation) of crops and manure, he 
diJtiisses tho varieties and applications of particular nianures, compo- 
sition of animal maiiurei^ the essential elements of inumiro, bono 
manure, manure supplies nitrogen, mode of applying urine, value of 
liuman excrements. the second ])art of his report Professor Liebig 
discusses tho chemical procesj^s of fermentation, decay, and putrefac- 
tion, under tho hcad.s of chemical Iraiisfonnations — erernacausis or 
(tecay— vinous fennentalion — wfne and be*cr — dccay^f woody fibre — 
on the mouldering of bodies — and on poisons, contagious matter, aiifl 
uiiastus. The novel theoretical views with wfiich this dopartment of 
the work abounds are remarkable, equally with those of the preceding 
part, for their profundity and for their valuable applications. The 
‘ subjects discussed, however, are numerous, and of such a nature that • 
jgsmt injustice wc^d necessarily he done to them in a short and hasty 
abstract. 
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Dv, Gregory slated, that having studied Professor Liebig’s work,* it 
appeared to him in the highest degree important, as being the first at- 
tempt to apply the nowly-creatcd science of Organic Cheraisirv’ to 
Agnculturc ; that, in liis opinion, from this day might be dated a new 
era in that ast, from the principles rsUihlished, with such profound sa- 
gacity, by Professor Liebig. He was also of opinion, that the British 
Association had just reason to he proud of such a work, as originating 
in their recommendation. 


A 
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On 'Beet Sugar; by J. C. Booth. . 

'inhere aro few. subjects which have created more sensatiSh in the 
groatonpartol Europe, and the United* Stales, simnltanoously, than the 
manufacture of sugar from heel root. ^Thai it should have induced 
many individuals in this country to experiment, with a viexy to its 
manufacture, the characi(>ristic enterprise and ingoiiuiiy oi'our ])eople 
might guarantee, but may wc not assign the chief reason of their 
failur^,or only partial success, the fac'Cthat loo many of us still boast 
of our practical knowledge, wjth a sidelong sneer aUhe assistance of 
scieuce^. Tt is ratlier more siir])nsing, to observe ^he intense and all 
pervading interest mjinifested on vaiious parts of the cofutinent of Eu- 
rope, especially in (Icnnanv, on the sugar-beet and its iraponant 
product, as it clearly sliows that this learned pcople'have received an 
impulse with' the rest of the world, relative to more modern manufac- 
tures, or ralhev that the y.eal with which scientific men have devoted 
themselves to the advancement of tlio arts, iS now developing its efitittis 
on the mass of the comuuinity. The frequent (juestions asked relative 
to the making of beet-sugar, may be better answered by a concise de- 
scription of the superior meiliod'ofextractiKg sugar from the drietibcet, 
the main part of the account, being taken from Dingler’s^ Polytechific 
Journal, for 1838, Bd. LXIX. I'he drawings in all their details will 
be omitted, and merely the general features of the process described. 

1. Clcatmng. — They m^ust be washed, to free them from the<tidB 

which adheres to them, and this may bo executed in a simple tub, or 
on a larger scale, u vat, into whicli water flows. A convenient arrango- 
ineut for this purpose, might be a net-work cylinder, slightly declining 
from a hovi/ontal position, revolving nmier water, or through which 
water should abundantly flow. The boots coming out from the de- 
pressed end oflhoi-cvlinder, will beperfectl}' clean. •• 

2. CAiUing , — “ They are next cut by a machine into long strips, ex- 
hibiting a square by a tross section, i. e, into long parallelepipeds, 
which is accomplished by a series of small knives attached to a slreet of 
iron, parallel to, and at sliort distances from each other, which first 
make incisions as deep as the required thickness of the pieces, artd are 
^pllowcd a long knife, behind and at right angles tp^be smaller onoa, 
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by which the strips are separated.” The knife with the sm^ilJcr 
ones, cut by a vertical motion, but there might be a greater econo- 
my of time, by bringing a series of these cutters on a wdieel, and 
attaching the smaller knifes to the large one, siiifcring them to ])ro- 
ject a little below it, so that their incisions may be niimediately 
follow’ed by the edge of tlie long knife. 

3. Driving . — “ Various and simple arrangements have beSn de- 
vised, for drying the pieces thus cut, in all of which the ])rinciple 
consists in exposing them in thin layers to a current of air, hcated.to 
a temperature of between 100®. and 146®. Fah. ; for if below 100®. 
they are apt to ferment, and if above 1 they are liable to dc*- 
composition. For tliis purpose! they are placed on wire nets, in llu? 
form of drawers, to the depth of one or two indies, the drawers 
sliding in one over another, at the distance of three inches, to allow 
a free circulation of air. 'fhe drying chamber^ or house, is heated, 
either by a hot air furnace, or by steam tubes. A better arrange- 
ment, l.jwever, and one requiring but little hand-labour, is a series 
of endle.ss wire-nets, one ovcf the otbrr, and each passing *around 
a roller at each end. Tlie pieces are carried from the cutting ma- 
chine, on an endless cloth, up the liigjiest of tlie nets, on whleli they 
fall, arid ai^ carried to the farthest end, by its constant motion, 
where tl^ey fall on the next lower endless net, which at this end 
projects beyond the uppermost, moving in the* opposite directgm on 
to t^c farther end of the second, whidi doc s not reach as far as 
the thiixl, lliey aVe received on the latter, and again transported to 
its farther end, and thus, by moving alternately in opposite direc- 
tions, on the adjoining nets, they reach the lowest, from which they 
are thrown off in a dried, or sufficiently dried, state for use. These 
parallel nets are all in a chamber, heated by steam' tubes from 
below ; lower openings in the apartment admitting cold and dry 
av’, the upper ones above/ the nets, permitting the egress of the hot 
air, surcharged with vapour. After drying they are ground to 
powder.’’ 

4. Sugar Extraction . — The saccharine matter may be extracted 
b)^ pure water, l)ut it is found to be more advantageous to add acid 
or lime to it. The former is preferable, and sulpimrio acid the 
most convenienjt- To nine jmrts of water add two-thirds or three- 
ft anths of a pr. ct. of sulphuric acid, (aci^ording to the amount of 
sugar in the beets,) aiid.stir in four, or even more, paits of tin* ])6w- 
dcred beet. The stirring should be continual until the acidulated 
water is absorbed, wl^»n the mass is subjected to pressure in bags ; 
the remaining mass is agafn treated with the same quantity ol‘ 
equally acid water, and pressed, but the liquid thus obtained, is 
used for the next fresh quantity of pow\ler. Tlfe moistening and 
pressing are continued until all the sugar isjextracted. 

The portion first pressed out, is treated with a quantity of slaked 
lime, a little more than is sufficient to neutralize tlie acid, and tlic* 
precipitation of sulphate of lime takes place fully at the tempera-^ 
ture of l65®. to 190 ®. Far. The clear liquid is drawn off aiuf 
CJJ/stalyzed by the ordinary sugar-refining firoccss.” ^ , 
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5. • T/i<for/y.-r*Beside sugai% there are many other vegetable prin- 
ciples contained in the beet, of which gluten and albumen are the 
most injurious and difficult of management, but by drying they 
rendered insoluble, and cease to be troublesome. It is also in con- 
sequence of the same operation, that less animal charcoal is required 
for purifying the sirop, than whore the beets were not dried- 
Sulphuric acid renders more insoluble the gummy matter, and pro- 
bably decomposes a combination of a portion of the sugar, but as 
there are other acids also present, a little more lime is added to 
neutralize them, thfm is sufficient for saturating tlie sulphuri? acid. 
The beet may contain from six to twelve pr. ct. of sugar, butmucli 
of it is lost in tlic process of manufacture. It is similar to that ob- 
tained from the sugar-cane, and is hence called cane-sugar, to 
distinguish it from other varieties, as raisin or starch-sugar, sugar 
of milk, &c. ^ 


^ • On Raisin Smgar ; by J. C. Booth. 

When raisins have been exposed to the air for a length of time, 
small crystalinc grains will be founeVupon and within ti^im, which 
have a sweet taste, and ore a species of sugar. 'I'he^same kind 
may be made by the action of diastase, qr isulphuric acid,5*on starch, 
and ihdeed starch-sugar, or rather starfh-sirop is much used in 
parts of France and Germany. The process of ^n9tlufacture *is as 
follows : — • 

1. Conversion of the Starch , — One thousand parts of water are 
brought to the boiling point, in an open vessel oC copper or lead, 
and fifteen parts of sulphuric acid added, previously diluted with 
thirty parts of water. When the fluids are well mingled, a cover is 
put on the vessel with a small opening inirfie centre through whi<jli 
the starch is introduced. Four hundred and fifty to five hundred 
parts of dry starch, (or as much wet as contains that (juantity,)are put 
into the opening in the cover of tfie vessel, in very small portions 
at a time, so that the fUiid may continue boiling, and not be^oni^ 
thick. A few minutes after the last portion is added, the fire is 
extinguished, and chalk is thrown in to neutralize the acid. The 
clear liquor is drawn off, when the sulphate of lime has deposited 
and. filtered through ordinary sugar filters. ^ It is then evaporated 
to one half its volume, twenty-five parts of animal charcoal stirred 
in with a little blood, boiled and filtered through Taylor's filtering 
apparatus. This is starch-sirop, fr»m wfiich sugar may be 
obtained, by evaporating to 40 — 45*^. Baiime and cooling. It forms 
a white, coarsely f^ranular nftass, front which the molasses may be* 
separated in the ordinary manner. One hundred parts of dry 
starch, give one hundred and fifty parts of syrup, or about one 
hundred of dry sugar. 

2. The Theory of the Process , — The conversion of starch into 
sugar, biti|iiis process, is r>ne of the most singular operations of 
chemist^^nd has given rise to a new doctrine jin the science 
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We perceive that by the operation on a large scale, (licy obtam an 
an]Oiit of sugar equal to that of the starch, but l)e Saiissurc ob- 
tained in a careful experiment, Jroni one liunilred of starch, ‘one 
hundred and eleven of dry sugar. fhe sulphuric; acid ii, un- 
changed^ for there is the same amount remaining allter the ojieration 
that was originally introduced ; nothing is absorbed from tlie 
air, nor is tliere any evolution of gas, for the operation may he 
conducted equally well in closed, or in open vessitls. I'he starch 
alone Jhas changed, and this change is elfectcd by its taking uj> a 
certain quantity of water, or rather the elements of water, hydro- 
gen and oxygen. According to Saiissure, one atom of starch lakes 
up about two atoms of water. It appears then tiuit the presence* 
of sulphuric acid is suflieient to produce sucIj an alteration among tlie 
elements of* starch, that a new and dillerent firoduct results. For 
this reason find from many analagons facts, tlie Freueh chemists 
give to this singidar method ordecomj)osition the name oi' prcsrnca ; 
Berzelm^calls it catuhjs'ls, which signifies a decomposition by the 
interchange of the elements of a body among eacli othel*. 'I'he 
catalyctic influence of sulphuric acid then, is to convert starch into 
sugar,. wh^Tc water is preseni^ All other acids will produce the 
same result, and tJie same kind of sugar rr.ay he obtained in a 
similar ^nanner from other organic substances, such as linen, cot- 
ton, wood, iHcc. But the rlfange is not immediate, for it is ol>*ierved 
to convert the starch first into gum, and the gum into sugar. It is, 
however, not the mineral acids alone, that produce this effect, for 
an organic sift)6tancc has bt;en di&covcre<l in malt, which yiossesses 
thd same power jii a higher degree. This is diastase, >vhich con- 
verts starcly into gum (or dextrine) at a temperature^ of 1 50®, to 
160®, while the mineral acids require l8o®. to 205®. One part of 
diastase will change two tliousand parts of starch into dextrine, 
add at least one thousand parts into sugar. Through tne [)resencc 
of diastase, therefore, or more properly by its catalytic influence, 
starch of wheat, potato, &c., first changed into dextrine, and 
tJjen»into sugar ; a highly interesting fact,^ /is giving us a i‘le/irer 
view of the»forniation of gum and sugar in* plants, and of the pro- 
cesses for manufacturing alchoholic liquids, which require the 
presence or formation of sugar, prior to their vinous fcrmenUition. 
* in concluding the above articles on»thc manufacture of two 
varieties of sugar, the^following table of the amount of sugar con- 
sumed in Europe, in 1 SSG, may not be uninteresting. It is extracted 
from DingleFs Poly I? Jour* Ixvii, p, 31 9^ 
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Tvini^flomis of liiiropi*. 

No- of n 
In)iabittiuti». 

iilluiHi of 
Sugar 11)- 

Its. fo)* oik; 
individual. 

England 


331 i 

20 

Ireland ! 

8 

32 

4 

France 

33 

1785 


Prussia 

14. 

56 

5 

Bavaria 

4 

10 

2 | 

Switzerland 

2 

12 

. 6 ' 

Belgium 

4 

(iO 

15 c 

Hoiland 

2 .j 

35 

14 

Denmark 

2 

10 

a 

Sweden and Norway 

4 

12 

3 

Spain 1 

14 

87 1 


Portugal 1 

: 

m 

• 5 

Smaller (Jerman states j 

8 

40 . 

* 5 

Italy 

Austria in the commercial. 

18 1 

36 

! 

0 

1 ' 

' union I 

Austria witliout commercial; 

1.9 

40 

2 

union | 

15 

25 


Russia ; 

1 

40 

40 

1 

^ 1 

soft* i 

1011,^ 



Jouifial ofU.e IraulvUji In>stitute. 


(hpal Varnish, 

The following inctliod of preparing a copal-varnish, ij not novel, 
but its simplicity and the superior quality of the product, may ren- 
der it acceptable to many of the readers of the journal. 

Enclose coarsely-powdered copal in a linen rag, and Iiang it fti 
the neck of a flask, or bottle, to such a deptli tliat it cannot touch 
the spirits of wine, which is in the bottom of the vessel. Tie a 
piece of bladder over the mouth of tJie flask, and make a few' per- 
forations wdth a pin, for the escape of a little alcoholic vapour, ff 
the vessel be placed in a warm situation, thick and viscid drops of 
the copal, combined with alcohol, will slowly fall intd the liquid be- 
low, and gradually dissolve, until the whole of the copal is extract^ 
When dissolved, the clear liquor may be decanted from a very 
small quantity of sediment, and it will prove a more transparent 
and beautiful varnish than can be procured b*/ any other method. 
The same process is applicable to other difficultly soluble resins, 
and will be found useful where rapidity is not required. 

Ibid. 


Soda Manufacture in Hungary, 

Native carbonate of soda is found in greatest abundance in Little 
Cmnania, particularly near Shegedin ; it likewise occurs in many 
other places, in greater or smaller quantity. It effioresces out^i 



Miscellf^ieaus J rlicica. 


S93 


the moist earth, forming a white crust, and in the spring of the 
year, before sunrise, appears like an extensive covering of *snow. 
With greater care than they n«>w employ, tlie workmen might 
readily gather it sufficiently pure for ordinary techniwd purposes 
by raking. The whole of the surface is gathered, and rold to the 
soda manufacturers, who distinguish its quality and richness, by the 
taste. It is leached in square vats, until the remainder ceases to 
haye a saline taste. 'I'he fluid is dark brown, and beside carbonate 
of soda, contains much sulphate and muriate of soda, humic acid, 
and other mechanical impurities. It is boiled down in a large 
sheet-iron pan, to a siropy consistence, transferred to an adjoining 
pan, and evaporated to dryness under constant stirring. 1 bo mass 
is of a dirty yellow, or brown, wdth white and black spots. It is 
gradually heated in a calcining furnace with the access of air, until 
va^mrs cease ‘passing ofl‘, then fused at a higifer temperature, and 
taken o^*t.^.when partially cooled. A larg(* portion is employed in 
the couutiy itself, in the maimtacture of soap, the remainder sold 
as raw calcined soda, as then^ is no manufacture for crystalizing it. 
If the demand for it were increased, the proiluction <d‘ tliis salt 
might, be increased to three or four times the present amount, as 
the country contains numerous soda lakes. Ih'sidc Trieste, from 
which some of the produttipns of Hungary iiiid their way to tlu; 
American market, there is'a port on the Adriatic, belonging e.Vchi- 
sively to that kiog^lom, whence we might obtain at lower rates, 
the products of one of the most lertile coiiniries of rMivope. 


O/i Galls ifi the Manufacture of Black Ink, 

liiue Aleppo galls are employed in great quantity, in the manu- 
facture of black ink, in conseciueiice of the large amount of tannin 
they contain, nearly all of which, by a judicious management, is con- 
verted into gallic acid. Being greatly superior to oak bark in their 
content of tannin, they raiglit be substituted for it in tlu* process 
of tanning leather, were not their high price a serious impediment. 
They are excrescences on the leaf-stem of the qutreus infectoria, 
growing in the Levant, and are product by the incision of the 
female galLwasp. There is, however, another kind of galls, the 
acorn of the quercus cerris, which receive a malformation from the 
incision of an insect, > and produceif a substance not unlike the 
Aleppo galls, but much more irregular, and with bold projecting 
ppints. They are found abuiiiantly in Hungary, pel the southern 
provinces of Austria, where they are cmployc*d iiidyeing and tan- 
ning, particularly in the latter art. *1 hey> are known under the 
name of Knoppeni in Germany, and Galles a Fepine in France, and ^ 
in the former country, are considered but little inferior to go^ 
Aleppo galls. A manuffictory has been established at Vienna, for, 
obtaining a solid extract from them, which has been sucwsstully 
employed in. d/eing dark colours, and in tanning. Either the > 
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knoppern^ or their extract^ might be obtained at Trieste, and might . 
prove ^ useful substitute for ordinary galls, vrhether in dyeing, or 
in the manufacture of ink. 

• Ibid. 

• Assay of Gold, 

In the last number of the Journal, a new method of assaying 
gold, proposed by Lewis Thompson, Esq., is extracted frgni siie 
London and Edinburgh Philosophical Magazine. It consists in 
adding to the gold assay-piece, an excess of silver, and then fusing 
the mass down with the chlorides of silver and of sodium, to re- 
move the base metals. The silver is afterwards separated by nitric 
acid. ** By this plan," says the author, “ the tedious process of 
cupellation is avoided." • 

It may not be unimportant to some of the readers of the Journal, 
to be informed, that Mr. 'Thompson's plan differs frpm usual 
oije by cupellation, only in' two particulars, in both of which the 
old process has manifestly the advantage. In this process, lead alone 
is used to remove the base metals, instead of the two chlorides, and 
it is simpler, perfectly effectual, and not subject to decrepilation. 
The second point of difference is that a /jupcl, composed of bone 
ashes is used instead of a crucible ; and lliis cupel possesses the in- 
valuable property of absorbing the oxides of lead, and of the baser 
metals, and leaving a clean button, composed only of gold and 
silver. In the new process this advantage is not presented, and 
there will be grains to be separated from the crucible, as after- the 
operation of fluxing ; thus adding not only to the labour of the 
process, but^ to the uncertainty of the result. We are therefore, 
led to the conclusion, that the process proposed by Mr. Thompson, 
is more complicated, more inaccurate, and even more tedioU.;,’' 
than that now in universal use. 

<) 

roslscripf. ’ f 

Sometime after the above article was communicated? an opportu- 
nity was taken of making trial of Mr. Thompson's method of assay, 
and the results render it proper to modify, in some degree^^tge 
above remarks. The gbld, the fine silver, and the chforide of 
silver, were melted together in a small crucible, and the button of 
gold and silver formedwas found to be much more perfect and better 
insulated than had been expected. Five assays were made, and the 
results, by the old and new piocess, expressed in thousandths, were 
as follows! u. 


No 1, by cupellation. 

968 

by Thompson's process 

968.5 

S, « ‘ 

890 


689 

. , 3. 

936.5 

€< 

936.7 


900 

<K 

900.2 

.5, 

460 

ii 

460 5 


■this coinparison of die two methods is certainly very satisfacto.':]^ 
*ithe greatest difference being but one diousandth. 
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*In cmployirifT Mr. Thompson’s process, an evil was obse^vccl 
• which had not been anticipated. It is, that a sensible portion of 
the -chloride of silver is volatilized during the fusion, and ponses 
ijuently lost. To show this, the following statements of the first 
and last assays — being of the finest and basest specimens, are pre- 
sented. The weight 1000 is equal to between 7 and 8 grains. 

No. 1. Gold, with silver 1000 : no coppef 

Fine silver 2000 

^ Chloride of silver 2700=2037 fine silver 

r>o:i7 

Button of gold and silver after melting, 3088 


Loss of gilver by the process. 




No. 5. Gold Avith silver 
> Fine* silver 

■'^loj-ide of silver 

Button ^ifter melting, 


copper 50fi 

1400 

3000=226'0.finc silver 

• . • 

4154 

2580 


Loss of silver, , 1754 

On tile whole, though th« ^lew process is certainly not so goyd as‘ 
that by the cupej, and is not likely ever to replace it where nu- 
merous assays are to be made, as at a mint, yet it is certainly better 
than was supposed when the above remarks were made, and it has 
the wl vantage, Avhich is valuable under many circumstances, of not 
requiring a muffle* furnace, or a cupel of bone ashes. 


A Dt^sqfiption of a Nrjv Fowm of Magneto-- Electric Machine , and an 
^ Account qf*n Carbon Batter if of coimder able energy ; by Olivkr 
W. Gibbs, member of the Junior Class of Columbia College, N. Y. 

jy; well knowu, Ibat if a soft iron bar be wound with insulated wire 
and caused suddenly to ajyiroach and recede from the poles of a mag- 
net, temporary magnetism will be induced in the bar, and an electric 
cinrent in the wire surrounding it. This fact led to the construction 
of the magneto-electric Aachiue, the principle of which consists in al- 
ternately inducing and destroying magnetism in a bar similarly wound 
» with large wire for sparks and deflagralionsf and wilh^small for shocks 
^ and chemical decompositions About eight months since it occurred 
to me that a more simple machine than those •commonly used (and 
which all I believe resemble that of Saxton) might be constructed 
My plan was, to take a bar of soft iron of say an inch in diameter by 
ten inches long, and to slide upon the middle a disk of brass of two 
incljas radius. Thi% would divide the bar into two parts, upon one of 




39^ Mlscellanems Articles. 

whieh is to be* wound three or four liundred leet of copper bell wire wt*ll 
insulated, and U])on the other and separated from the lirst by the brass 
disk, about four times that length of line wire, say No. 25. If now ‘one 
extremity of the coarse wire be attached to one pole ol’ the battery, and 
the communtCatiou between the other extremity and the other battery 
polo bo altenmtftly made and interrupted by means of a rasp or toothed 
wheel* magnetism will be induced and destroyed in the iron bar and 
consecpienlly an electric current will circulate through the line wire. 
The use of the brass disk is to prevent by means of a dosed circuit, sy^iy 
immediate induction in the line from the coarse uire, which wcffild in- 
evitably take place were none interposed, and which would coin evt the 
instrument from a magneto-electric to an electro-magnetic machin?. 

Since the above was devised, an obvious improvement has suggosied 
itself. Tliis is founded upon the fact that magnetism is strongest at the 
exlremilics of bodies; and consists simply in dividing* the liar into 
three crpial spaces by means of two disks of brass simihi?iii size to the 
one already described. 'I’lie central division is then to be woimd-i'glh the 
coarse pnd the two outer or polar divisions uith llie line'wiiv, connect- 
ing the two outer helices in such a manner that they m[iy form one long 
wire. Tlic hattery current is then to be passed ihroiigli the coarse wire, 
and the connection nuide and iiiton*n])tod as before by a Nasp or other 
inteiTupting apparatus. As thus constructed, the instrument would 
produce cilecls similar to the common magjielo-elcctric macfiino when 
used lor shocks or docoinj)osition. If it he desired to jn-oduce sparks 
and deflagrations, it would only he necessary to, slide olfthi; coils of 
line wire from tlie poles, and to vSuhsSlitnlo in their slcat}. others made of 
coarse wire ol shortd’ length and then transmit and inlerrtipt the cur- 
rent through the central coil as before. Wo should Jihon have within a 
much small<,ir coni[)a.ss, an instrnment capable of produciyg all the ef- 
fects of the common machine of Mr, Saxton, and by combiniuga num- 
ber of such bars wo might form in a ct>njj|:iratively small compass a 
ma^ioto-f'lectric batleiy of great energy. Some of Dr. Pago’s beaHli- 
ful interrupting apparatus might dcmbilcss be used successfully with 
Ibis 'mstvmneni. JV.s I have no opparlunily to conslmct the insirmnent 
myself, I would sugges^ tlie trial, especially of the latter form of appara- 
tus, to any who may l)(3 intercsied in the subject, fc-houitl it sucefed, 
its advantage would be its suj)evior cbeapne8.s and power, (?) and the 
lillle space it would occupy. • 

^ About the Mine lime ilwt the above instrument was devised, in KxSt- 
ing over the list ol substances which are capjfble of fonning a galvanic 
circle together, 1 was struck with the much higher cleclro-negativeneSiJ 
of charcoal than of copper in relation to ^inc ; 4here being but six sub- 
stances between zinc and copper, while there are eleven between zinc 
mid carbon, wbidi, moreovQr, stands ^en higher than gold^ and next 
below plalina. Besides this, its excellent conducting power seenie*i 
particiilary to qualify it jto act as an electrometer. Accordingly, I \ras 
^ led to consider that it might form an excellent battery with zinc or itfl 
amalgam, and mentioned ilie opinion to Professor Rehwick. I was 
^ lowever prevented from experimentally demonstrating its powers, until 
m the intmth of March I perceived in one of the foreign journals a 
. snort acethint of a carbon battery which had been sWsfuiiy irieJ^itt 
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Biiglaiid. . I injinedialely constructed a small battorv, eunsistiNg of 
only six pairs of zinc and bituminous coal, and arranged as a couronuc 
des^ tosses. The zinc plates wore an iucli square, coiiseqiienOy ihoro 
were only six inches ol acting zinc surlucc ; the exciting liipiid wa- di* 
luted sulphuric acid. With this battery pure valor Vas easily and 
rapidly decomposed, though from not liaving jjlatina eloclrodt's, and 
from the want ol a voltameter, llie gas cjllocU'd was not inedsured. 
This expcM-iinent was witnessed by Mr. Schaellcv, ussisiajit Professor of 
Cbemistry in the College. To liiose who possess batiorios ol’ronsidi r- 
ablc pdwor, I would suggest the eiiqdoyineiit of some form of carbon 
for eleclrodes in the place of jilaiina. i hope soon to be able to ])ivseut 
a series of cxpcriinenis on the relative advantages of coj)}»er and cat bon, 
especially in the cas(? of the constant battery. 

AVw; ) oj k. Mat/ 1 S40. 


Elt ciriciti/ in Machinert/ ; by Azvmvii Smith, jiiri. 

Messrs. Editors,— Having frequently heard persons employed 
in my father's inanulhctt^ at Manlius, N. Y., speak of the deve- 
lopment of electricity ln^)aiticular parts of tlic macliijiery,'*! was 
led by an artielo in the Anierie.m Journal for (July ?) IS.'U), to the 
examination «f the phenomena vvhich furnished me with iln‘ fol- 
lowing facts ; which you will please to publish if they add any- 
thing to the light already existing upon this subject. 

ITpon aj^iroiching tlie maehineiy referred to, W’hyi was con- 
nected with tlie spinning apparatii.s, and near the centre of the 
manufactory, 1 observedjibres of cottin of ab lengths n)> to six 
inches, extendi ig out in different directions from one end of the 
spinning frames, and waving as if about to leave their resting 
place for a band two and a half inches broad, winch moved the 
ntjcMlncry «and connected it with a drum ^seveii feet above ; the 
latter being* moved by another drum fifteen feet di.stant, with 
which it was cormectod by a horizontal strap, seven inches in 
lye^dth. The two drums were of equal diameter, two feet and 
eight inches, but the wlicel by which the* spinning machinery was 
moved and a free puTly by its side were only eight inches ; and 
consequently made two hundred and eiglity-eight revolution-* in a 
minute, while the forTner made seventy two. 

Beneath the horizontal strap, and four feet distant from it, tlic 
hair of the persons spinning \fas observed to be a^ccted in a similar 
manner with the cotton, all the finer and more fiexible fibres stand- 
ing directly upright. Upon placing small fibres of cotton from one 
to two feet distant from this strap, they would ascend to it, and, 
adhering to its surface advance with it until within a short distance 
of the drum around which it passed, when they would fall off and 
'J^eiid to the^floor. Occasionally fibres w'ould pass and fro^ 
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between the band and the hand placed near it, and once -or twice 
this latter phenotnenon took place tlirougli a space oF two or three 
feet.* 

Upon slipping the narrow band from the wheel moving the 
machinery to*tlie Free pulley by its side, the electrical attraction of 
both the bands was observed to disappear, and this notwithsanding 
their mbtions were the same as before — in a yioment, however, it 
was again manifested upon the spinning machine being set in 
motion by slipping the back upon the motor wdieel. I'liis lattor 
phenomena led to an inquiry into the different circumstances 8f the 
band in the two cases, when the idea was suggested that the wheel 
and the free pulley might be made of materials possessing different 
conducting power, but this a machinist of the manufactory in- 
formed me was not the case, both being made of iron apd covered 
with leather. The frj^ction of the spinning machinery^ and of the 
motor w’heel upon its axis, which w'ere present ;in orte, but ab- 
sent in the other case, was the next difference suggested tc*niCffmnt 
for the change, but as the axes of all |iarts of the macTii?^^ry were 
madre of non and connected with iron frame- work, it was concluded 
that friction here would have no tendency to accumulate electricity. 
Upon watching the broad horizontaf band at the moraerft the nar- 
row one was slipped from the motor wheel upon tlie free , pulley, 
the part of it connecting the upper part o^he drums was observed 
to relax, while that connecting their lower surfaei’s, from being 
curved downwards by its woiglits became proportionally tense. In 
the first case, tbe upper part of the band was made ?ense by the 
great amount of friction in the machinery which it had to overconi#cT, 
and of course, the friction of the band upon the 'drums was in- 
creased in the same ratio. l>ut when the free piilly' only wuvS 
turned, the friction to be overcome, and consequently that of the 
bands, was much diminisheef; and tliis inL^-eased amount of fric*- 
tion of the bands upon the drums in the first ease, is to be referred 
to as the exciting cause of the electricity. 

From this stiitement you will observe tlint there w'as no fri<;^ion 
of the bands upon each other as is mentioned in the article referred 
to above, since the horizontal bands were parallel, and the vertical 
ones eight inches apart at their nearest approximation* In another 
part of the manufactory, .liowever, two portions of a band Wfc4’ii*> 
observed which were crossing and rubbing <*poii each other, but 
their friction was attended with no observable electrical effects. 
At this time however the band was passing ar^nind a free pulley ; 

1 wjis therefore led to Inquire as to its electrical state durhig the 
motion of its machinery, and ascertiu'ned that its attractive power 
for cotton, &c. at 5iuch times was as great as in that of the bands 
already .spdkeii of. 

Although these facts do not authorize us to dispute those in 

^!r. article, yet they naturally suggest the question whether 

the electricity in that case was not excited by the friction of the 
band upon the W'heels rather than upon each other,1and if so, 
whether the ;q)parent difference between the ban<i&s below theiT^ 
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jiniclion :in<l above was not in reality causeil by tile appiic.ilion oi’ 
th» jar, in the one case to a tense, and in the' other to a ,i’ela\fd 
portion of the band. 

• 

Not being intimately aeqnainted with the aelion of eleetrie.d 
apparatus^ in different eireiitn.stances, I am unable to say whetlier 
increased pressure of the wliole flap of the eonnnon maeliiiu* upon 
tjje cylinder would materially increase tlie amount of eleclrieity 
devel<l|u*d, but from the above laels, as well as tiu* nature of the 
case, 1 should suppose it would, and if so, tht* eircumstanee pro- 
perly attended to in the constriietion of electrieal niaehines, would 
render them, civtcrh panhus^ much more pow'erlul. 


iTuman Foswil^ aUeped io he AnlcdUuvi(ni. 


A*<1jscotery of an interevstfng nature, which, it is said, has 
recently J)een made in Relgiiiin, at this moment invites the inspee- 
t on of the scicnLific and Vj# eurious at a liousc in Li itvster-s^juare. 
Jt has been laid down l)y Cawier, and received as an axiom in 
geology, that tlie*bone>s of the inferior .inirnals alone were to lie 
Ibuiul in a ftjssil state, and that tlii)se of man wc're invariably 
wauling ; a theory wliosc tendency militated against the Mosaic 
account of tile etcation. In the science ot geology there is conse- 
quently no firoblem wliose solution offers greater interf'st tlian that 
which depends on the existence or absence of the human aiitedllu- 
vij#i fossil. This questiob has now, to all a])pearanee, lieeii set at 
rest by the discovery lately made (?) of the fossil remains of a child, 
which were i’ound embedded ♦in silex, in a chalk quarry at 
Diehgeii, near Rrussels. • We understand the proprietor of the 
fosisil has rct^uestod llie attendance ot the Afilrtjuisof Northampton, 
and several members of the geological society, to inspect and test 
it with the moJ»t minute scrutiny. The result of this inspection 
miijJI be decisive of its claims to antediluvian origin. The appear- 
ance which it presents « that of the head and trunk of an infant, 
completely formed, but a]jparenlly much compressed. The head 
is perfect — the nape of the neck, the articulations of the vertebra*, 
the bones of the throat, the chest, shoulders, and parts of the arms 
equally so, and the ribs are distinctly yisible. Tlie right arm is 
broken short off by the sboulaer ; the left, whieft is unmutilated, 
adheres to the side, and is sunk i^o it. T|je lower extremities are 
indistinct, being thrown up into a circular mass below the abdomen. 
From a section of the lower part, which was accidentally made in 
its discovery, the formation of flint, in which it was preserve*!, is^ 
at once apparent, and oaits surface portions of the bones are clearly 
tCMiJ^ traced. • * • 
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Misccllatieous J^rtides, 

An Aurora Borealis nt’ considerable magnitude and brilliancy, but 
altojidec} with no peculiarity, was seen herefrom seven till cIovhu o’clock 
on Monday evening the 19th instant. It consisted principally of a 
strong, steady light in the northern heavens, with the usual black, foggy 
nucleus below ; and of many fine streamers which were dis]dayed at 
difFerem times during its appearance. The colour of both streamers 
and steady light was of a misty white. 

W. Stuugeon. ^ 

Manchester, October, e ^ 


ANSWERS TO CORRESPONDENTS. 

* > . 

1st. The (ilectro-magiietic engine with the rotating disc ca^^never 
be an effective one ; and we .would advise our correspcsiclvui not to 
lortie any time in luakiiig engines on tliat principle. 

2rid. Magnotic-electricnl machines, -having soft iron magnets instead 
of permanent ones, have long been before the public. Our com\spon- 
dent may see several of them at Watkins ajird Hill's Kstablisnmcnt, 5, 
Chari'i'ig Cross. 

1 * 

3rd. Wo do not see lliat Mr. Uriah Clarke has oiuitfed any ])art of 
the description of his electro-magnetic carriage*, excepting, ])erhaps, 
some wheel, or wlicel and pinion inside. 11c has g^yeii the kind iind 
extent of his (halleries ; and has also stalc'd that “ the cai;riagc is pro- 
pelled by an arrangement of machinery on the reciprocating principle ; 
and this reciprocating principle was pveviouj^ly described in the Annals 
for July last. (See vol. 0, ji. 33. fig. 3, jdatc I.) If thiuv be any whVel 
and piiiioii in the arrangement, the pinion will be on the axle of tlio 
fly whe,ol, and the wheel in ^Yhich it works on one of the axles of the 
travelling wheels. Hence the fly wheel will make more revolutions 
tlian the travelling wheeV 


The Daguerreotype plates may be viewed U advantage tiy means of 
either a convex lens, or a spherical concave minor. If the plate bo 
hold before the mirror, and the eye a little abov»; the plate, the effect is 
very beautiful. 



lUvihe^tanj La in m . 




VVisljinp: at ttU t'njMS tt* coniply witli ti»a sulicitatM..^ 



We ar# aware, that this unde*. taka.}? is an ardunus la^.k, hut b.-uu- .i.>v...us to 

ovi.erimci.k;i‘s urul to ipj.c'evtl.p '* V.inaN'- .tin ra.,re kc'mo 



uiu< till}' thoir e\iierime/UaI 

Weun wi-n aw^ie of ■•iho lunu-iiUble defnc-t mllus kiud of i,„, ryroiuly 

l-i‘un f liciled in a i|>i!jrtcr wbon‘.>.icw.>uIi)hflStha\r‘c\}KM‘t/-.J if," as oI.m-vu .. b> a ooi j ts'oii- 

n^it. AikI, ‘‘ pri^iiWy n low o/rKrtlisoussioos nuulit bojhe rnoiwy <n (J«nei< idu^ i]ie Kilop.tii of 
tmjr/tK'ol FhujsfTMoitrif lai s* !■*• , alihoin.'h kiIoucc nj.iv pos-^iblj bo.. wimIoio i;'. somr i.f ilum 
«1 mi Ini^had htir ..].MoituriitK->ofoAOiTi*inK thoir i itiSflimv fi> .ifrb.-n dii 

covones, to <-nfM the Ii-ti is no favomal b* intL'n.u‘L<iiioii ..I Dicr damn l» 

r-nbjio ojimI' * • 


LECTURE I. 

• 

In introdiuMii T ilic^e lectures to the rc;i(lcrs/)r the Annals ol' 
Klcctricify. Mui^neti^ni, .3|icl Chemistry, ike." as they are intended 
principally tor the instruction of amateur cxperinuMilers, it viill he 
neccs -.arv to avoid, as nnicli as posMhle, all I hose phiM,-,(-s atirl tech- 
nical iti(‘s whiWi not only puzzle, but nhsolutt*ly iniplcad, even those 
who have, in their own estimation, much hi, I'her pret^Msions to a 
knovvledp* ol’ siy h lashionahle appciulajjes to seientllic literature, 
than the persons ioi wlm^o instriutmn these lecture^ Hjt* mtendt*d ; 
and to whom, tlu'rolbre, I shall address myscU’with iVeedom, and 
in^the ]ilaine.st lani^ua^c, that the present state oi‘ these subjects 
appf?ar to me to bo capable of admitting’. I do iujI, however, wisli 
to enter into any cngn^remcnt that Avould limit my labours to the 
humble task oi’ a mere det^iil of iflcts, w ithout linkiru^ tliom toi^ether 
^ in^sdlne tiiooretical system or systems of yliysical I.uvs ; heeanse 
one of my ofijccts is to trace to the same operations of nature, tliose 
facts, and those only, wdiich are easily, and not otherwise, explained, 
by ^hat code of laws wiiich "overns the display of one peculiar 
class of phenomena. ^\iid not to encumlihr any theoretical system 
with those phenomena to which tliey do not appear to belong: but 
to explain each class of plicnomena by its own peculiar code of 
laws; or if you please, by its own petmliar tlieory- Hence it is 
that I shall bo expected to be cx])licit on every point on which 1 
touch, both experimental and theoretical, and either undertake to 
explain all those experimental facts w^hich I may consider necessary 
to bring forward, or candidly jffkiiowled^ that they arc inexpli- 
cable upon the theoretical principles which I advance. , 

It will here be necessary to enter into certain conditions with 
my readers, respecting some of those theoretical point‘d, which 
S^rtny philosophers, even of the present day, appears tq he some- 
what doubtful ; though I believe the oj)inions of ninny others arr»^ 
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favourable to tliose ibeoretieal views by which 1 pro])ose to be 
guided. 

I wish to be understood then, before I proceed any farther, that, 
besides those recognised portions of matter which ap])ear to be 
the ])rincipal part of the materials which constitute the earth and 
its atmosphere, such as the various kinds of solids and fluids whicJi 
usually rt.'ceive these general aj»pellations, there arc, at least, three 
otliors, whose reciprocal actions on each other, and whose jecidlar 
operations on the former classes of bodies, are productive of the 
most surprising, and, in our present state of physical knowdedge, 
the most intcresSting ])heru»mcna that nature has revealed to man. 
'J'hese are the efcclric watter ; — the viagnefic matler ; — and the 
calorific matter ; each of which I shall consider as a dwtinct ele- 
ment, possessing peculiarities of force and modes action, and 
exhibiting phenoinena which no other kind of matter has tlicjiower 
of displaying. They, however, operate on one anotjier; inTi very 
remarlfablc manner, by tlrcir pecufiar reciprocal excitatilBis, and 
are thus ])rodiietive of phenomena which have led some philoso- 
phers to the beliel* of thc*ir complete identity. 

The fineness and siibtilty of the ' C'/e*t7nc, the rnagnetw, .Hilfil the 
calorific particles, lead us to infer that they insinuate themselves 
into the pores of all other kinds of terrcswial matter ; and their in- 
activity, when umuolested in these their natural liahitations, is ob- 
viously a consecpionce of the e<juilibniims of their res^iective forces, 
wlieii in an undisturbed state. So h>ng, tliorefore, as these natural 
equilibriums remain unmolested, all of thi'se material agents ‘are 
perfectly inactive and exhibit no iihenomenon wiiatever. Hence it 
is, that some (‘xciting process becomes absolutely necessary before 
any of their respective phenomena can be prodiurd. 'Die pro- 
cesses of excitation wdiicli may be employed for bringing tlfrse 
agencies into a state of activity are exccetliugly various, as I shall 
have occasion to show in many parts of these lectures ; but for the 
present, it will be suflicient tliat 1 descrioe one simple modcJtonly, 
of exciting each individual agent, by means of wdiich,. certain phe- 
nomena of each class may very easily be brought to pass. 

If you take a stick of sealing wax, and, without any preparation, 
present it to any very liglit article, such as small feathers, bitS 
thin paper, dzc. placed eilhei on a table, book, or a dtsh, &c., you 
will not perceive any action whatever exercised by the wax on these 
light bodies. In this case you may easily iir.agine, that there is a 
couip]t‘te electrical equilibrium in the body and on the surface of 
the sealing wfix ; and also iji the light articles to which it was pre^ 
sented; and that It is in consequence of this equilibrium that tlie 
electric matter is perfectly incil;. and will not act upon the light 
bodies which you liad prepared. I wish it to be understood, how- 
ever, that, although the electric forces of the wax had not a sufficient 
degree of intensity to cause a disturbance in the light bodies, it ia 
still possible, that there might not be an absolute uniformity in the 
. dikributidn of the electric matter, cither on the wa:/ or on the otti^ 
bodies. 
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Now warm the stick ol’ sealiu^-wax, takiniv care iu)t U> ho.it it too 
much ; and tlien rul) it on the sleeve of your coat. 

By this simple process you have disturhed the previous electric 
equilihrium oi the sealiiij^-wax. and causeil tlu‘ <‘lectvu‘ forces to 
become sufficiently active to produce motion in the li^ht bodies to 
wliich you now may present the stick. They will rise up and Mmc^ 
to the wax, often chan^iiif^ their j^ositions K)\\ its suriaee, and some- 
tii^s tlj^ey will be suddenly thrown oft' a^jain to a nci-^hbourino 
body, to which they wilTattach themselves for a short lime, and 
ajyain jump back again to the sealing-wax; again leave if. and 
again return ; and so on for sev<‘r.il times before tlie action ceases. 
These motiojis of the light bodies are (*lectrie phenomoia ; and may 
be repeated many limes by reiuMving the activity ol'tl. e electric 
forces, by ag,,^n rub!)i])g tiu* dry and \vur»n g('.ui»v;-wa\ on the 
bl^’ve of y tail* coal. 

If }T)U a pi(‘ee of dry woollen cloth to j!' 4 'f. ' ve of yotir 

coat, you m^^y nib the s(' :li{ig-wa\ Nvili’i it wiili the s*. mc t iTcvt. Or 
you may use a piece of dry :ind wirni llennel to i iib your wax 
against; or the fur side of ,i hare-skin, or a r-.Ifoit -.'kin, w hich i‘ , 
perliajift*, belter than any of t:»e pn‘\u)usl3 uruMtal sn.bstanee*'. But 
whatever yon may cijoo , to rub tJie .'e'ding-wax \nth, Ut me ad- 
vise you l<» ii.ue it V.ifl dnf, because much of your ^u^Tt^ss 
in the ex])erimeiri will deMcnd i n ilios? etaiditiojis (»!' Iiolh t{;e I'vJt- 
bin^ .s'ltbsfnucr amt fh{‘ seaiirg-'.vax. 

It will now ftc pro]>er to inforui yon tnat the motions whicli the 
ligh^ bodies uvike h)h'(tn^s tin* sealie.g-v/ax e.re con''idcred to be the 
eftcct of an eleetrieal alf ntciion, vxrrlvd b('tw»‘i'n tli'Mi! ami the wax ; 
and tliclr molions /nm the w'jx arc eonsidia*ed to be <Iu?Lo an <'lee- 
trical attraction exerted bct\v(‘en them end the body To whic;h they 
fly, ^nd for a while attach tiiem.jcivcs. Beside I lu* fovei' of elec- 
trical nltractiou^ llierc is also a force ol c'lectrical rcpfiisian, to which 
I shall solicit your attention mort»»pavtieul.irly in dice co.irsi' as we 
proceojl. 

'l^ere are%iany other bodies which exhibit'tiiis class of (electrical 
plumomena, by treating them in the uuinner I have deserihed for 
sealing-wax. Sftch is the case with amber, sulpimr, ikv. If you 
glass tulie for the exhibition of these vk'i^tt'ical phenomena, it 
will also requ^’e to be vetinn and dry, not only on the outer sur- 
face, but on the inner surface also ; and the nibbing substance 
oiiglit to be soft silk, **A piece of old black silk answiu's as well as 
any thing. The rubbing process, in .all these cas(?s, whatever may 
‘be the nature of the articles employed, is, called e rat niton 

When your sealing wax, or glass tube is well Acited, ami held 
at a short distance above the lightjjodics, tl)^^ latter may be made 
to produce rapid motions to and fro, and dance on the talilo as it 
animated, by the active electric forces to wliich they are exposed. * 
If you place your light bodies on a pewter or a silvc'r plate, or on^ 
any metallic flat surface, their dancing motions will !>€• more lively 
iiMn when placec>on any other kind of material : and if touch , 
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the metallic plate with one ot* your fingers, the activity of the mo- 
tions will be considerably improved. 

I will now solicit your attention to a simple mode of producing 
matruelic phenomena, which I consider to emanate from the ener- 
gies of an agent perfectly distinct from tlie electric. You must 
allow Inc to suppose that you are already acquainted with an instru- 
ments called the magnetic^ needle ; it is sometimes called the compass 
needle; and when supported on a finely pointed ])ivot, so 
rest on a horizontal plane, one of its ends, in these latitudes,* points 
towards the north, inclining a little towards llie west of ihatpoii.t; 
and its other extremity, consequently, points a little to the east t>f 
the true south. Jn many other parts €>n the earth's surface, the 
direction in which the magnetic needle places itself ^;hen at rest, 
relatively to the geo^yrnphical meridian, is very diffei;f‘nt to that in 
which it reposes in tliis country, liut in every part m the worhPit 
is subject to ccrtiiin influences whicii are capable t)f coini«unTt*ating 
to it peculiar motions, and- placing It slcdfastly in t^l/cr p(x<itic>ns 
than those wliich it assumes when no such local influences are 
present. 

If, after the magnetic needle ha^ come to rest, you \t ere’t»» turn 
it on its pivot with your finger, so as to point to some otl’.i r (jiv’rler 
of the world, and then take your finger/away from it, the needle 
woiihlf eonimeiiee a series of movements which wouUl terminate by 
its settling again in its former position ; show intf by the opera- 
tion of $001(3 liidden forct* oragc'ncy, the needle had 'a greater ten- 
dcMicy to repose in unt3 direction than in another ; whicli, in luighind, 
and in many other cuunlrics, is more near to the *m(*ridian than to 
a line placed east and w'cst ; or to a circle of latitude dl that place. 
With re^])eet to tlie caiiM* ol* this ]>eciiliar tendi'ney of the nccdi(‘ 
to pla<*e itself in a north and south direedoti, i can only s iv, iuviliis 
place, that it is so completely under the cniitiol of the maenetie 
forces of tliO cartii, that they aiom* are supjmsed to coin-train 
it to assume tliat particular direotioie; but why t!ie is 

jn.'ignetic, and why inngnclic forces should l)e so >Kuated ii,# to 
operate on the needle in that peeuliar mamun*, are matters which 
philosophers have not yet determined. I here arc,diowever certain 
laws of magnetic action,, w iiieh are well known, and which l^^vill 
explain in a Uitiire lectniv, my object at •present, being that of 
showing the sinipU^t, and most easily produced sj)ecimcns of the 
three grand classes of phenomena' which ar^* so eminently coiispi- 
UjOus in nature, and so ('asily distinguished from cacli other. 

Perhaps the simplest pi’oeess for^ bringing the calorific lualtcr 
fVom a state of in(;'icti\e repose to a slate of such activity as to ]n d- 
duce ignition and fire, .would be^tjiat of striking flint against har- 
dened steel, and thus igniling detached particles of tlie metal, 
which in their turn, would ignite gunpowder, tinder, &c. In this 
case the calorific matter, which, previous to the collision of* the 
flint and stec^l, was perfectly inactive, has, by the operation, be- 
come suddenly compressed into a smaller compass-* than ihatw'jl'Ni 
If previously occupied, and becomes active fire in the condenser*. 



Hao .she>(n that ilwrc aiv ttinv 
kituls of hitfnil di'nhfinffi, lUidlins tU-siri 
bi^I the /ii St Kind arnl ji^ iin'chuiiiml eiforti*. 
-P. 17U 


Hus »li*scnlM'd ihc Kicontl Kind of InUrnJ 
IdiU'ttai p*,cn‘ I7J, He uuw vfU'is clu* 
Mjtilrr to thf J\.ilu'uujum lor 
is;j7. A*, Mr. A(Wam'. '•tuh-ii that 

“ he hail onfo sin*n iii>on lb»* Ji'-rli.’irpi* of a 
lari?** < Ifcliit’iil hatti’Vy, a wiro 
illiiTniiKito^^y 111 • lateral ilihehar^e, yid 
•’xlijltiiiM}' tlw coiiusiatioiis spolceu oi l*y 
P» ulv.-'^soi' Ileiirv. " 



Hhm oontemplat <1 the eU'o(iK«l^oou«Utuui 
of a lip:!itii)|;;-^‘Kl, ihtnog ihe ttin*'\/' it^ 
••ai'ryinif u ditt hariji.' ; aiuj tlioefliM t» eonse- 
<mout upon UjsU elc('i#U%coinbti<'n — IV !?♦, 

uikI 4Ph of tViia sol. j 

H«'i ih'st /ibe(l,*iJiil sJuuvn the eileehtof,] 
J ^ lrctn * IHO. ISl, \ H '4^ 

thAvol. , 

Has th*s<,iih«il the VlorTio-iH'U'iu’Ue phe-, 
«iometia ronsi«iiU.iit upon ii (hisli ol lij^hl 
niu^ tra'cisiiit/ iLr main tiiuM (ondiutor of 
U M.t^. Th-afj;le ; unci ha::! ahi’WTi that, an 
im ma^tiotK. etlects •weic produeed^^he pro- 
iSliility is, that Ihe primitive Hush of light- 
ning did nof strike tlu* vessel ; the observcil 
elfects being due to an eleelrio wuve.--P.l7th 
Has taken into eonsiderution tin* jtroha'^ 
blc effects of oblique flashes of lig^liiiiig on 
tile rlj^ging of shijis. 


Has nidiu‘-'i>n aeknoaledged the frsi 
kiinl of tattrni dt'>churqi‘, and also its 
iiK churue.il iielinu — P. ;U7, 


Drnii s tlir kind of InterriJ diseharge in 
the piesf ril diseusMoii, jii>ye .•JIM ol tin's vol, 
hut, told the niiLisU \«ioo:iiiion, at river- 
pool, that “he hud pr'idin'ed hiwitilifiil 
ilhuiiiuuling etli-i is l*_v dl-sejiui gnig eleetl u ily 
iilong a w ne i jirlo.'il’d m an exha'isted ^liiss 
i*etf\er.'’--Aiheoa;uiii for Sept, StUh, IM/. 


Afkrif.ah dyes this Kuiil of laieral dis 
eharge ; hut gi\» » u diflenuit evplanation ol 
Ihe cuiiso. 


Has tomeiripliik'd ihi* » In tncul crMulit'-oti 
of a hghtnnig tod, ftnur to die, t|^sr]Kvrg\» 
' taking phiee, iiud nuiseipiently when uu 
lightning ails piesent, nor any eonductoJ 
\iu lesHftiy — 1\ :t|ii, ,ii7, 41‘J, ol this lol. 

I JluR not t iken into eoiis,deratiijii tin in’ 
cal irawi>. 


I Insists »»i tlie Ih’ugle tg-iiig f>tnn'k ; hut 
I for want ot duu utteiition to the iiifliu nee of 
J e-lcctric waves; and the eliS'tTo-muynein 
■ ijilluenw of a primitive disehaige of light 
ning, he has nut taken their (.tfecls into 
eouaideiuUoiu 


ution th«* proha'h / 

■s of lightning on I, J Has not nolieed tin* probablo iffoets of 
f I obliipic Hashes of lightning on the rigging. 


Has disposed hissysti'in of conductors m 
as to afloni no proUHion whatever to th< 
rxlvnur rigging, iunun''t oldupio (litshtvs. 


Hus disposed liis systf'ioi of conductors sc 
as to give no asttsfanr-c to ouch other abov»' 
deck. 


Has disposed his conductors so as to pre- ) 
eent tbe^ lightning entt'iing the ship, by r 

carrying it overboard on b oth sides. } 

Has disused liis system of brunch con- \ / 

ductui's, so as to counteract each others i Has disposed bis sy stun of condnelors so 

raognetic effects on steering compasses, ^ J as to give great lacility to nwgrn ih* actionon 

chruuomelers, &c. placed near to Uie axis of j compusst’s, chronouM’tcrs, ike. placed eiUitr 

tlie ves.sel; whether those instruments be I on deck or below. j 

p laced above or below deck. \ 

The dilihrence of the expense, time requisite for the equipment of a oO gun frigate 
with the two systems of eonductors,may bo seen at page 190 of this volume. 

VoL. IV,- 7 -Nb. 24, yinr//, 1840. O o 


Has disposed his system of conductors S( 
os to lead the lightning into the body of th< 
ves»%l. ^ 

Has disposed bis systi m of coiiduelors so 
I as to give great /acility to m.'igru lie action on 
I conipusst’s, chronometers, ike. placed eiUitr 
on deck or below. 
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An Electrical Machine, 

for a long scri^^s of years, distingiiislied hyhimself in the fields 
of science. The ])henoinena of heat, at all times, display a 
fine field for' the contemplation of the philosopher; and whbn 
arranged in that judicious manner, treated in that easy and 
lucid style, and discussed with that freedom and candour in 
which, they appear in this work, they become familiar and 
interesting in every department of experimental science, and 
easily^ applictihle to many of the common affairs of domestic^ 
life. ^ 

The work is j)rint(id on good paper, and with a bold clear 
type ; and contains many illustrative wood engravings and a 
copper plate. It is got U]) in a neat style, and ought to find 
a place in every scientific library, both public and private : 
and we slrougly recommend it to the perusal of fi^niHcs who, 
wish to obtain infonnation in these subiects on whicli it treats^^ 


LXXV, — Miscellankocs. — Description of an Elecl^ical 
Machine, made by Messrs, Watkins^ and HilU 5, ^Hiarimj 
CrQVjf, London, expressly for* the Royal Victoria 
Gallery for the Encouragement of Praclical Science, 
Manchester, ^ 

Figure 5, plate XI, is a perspective view of tliis splendid 
instrument, c f, f, f, f is a stout rectangular mahogany frame, 
supported by four pillars at its angles, as seen in the figure. 
From each of the two long ])arallel sides of this frame, lise t\^i 
mahogany t)illars, suppenting a cross piece, which form a vertical 
rectangular frame on each side ^of the horizontal one. The 
front vertical frame is n^prosented at c, e, c, e ; and the ^rear 
one, wliicli is principally hid from view, shows rfJne of its 
pillars at e, on the right hand side of the picture ; its other 
pillar and cross piece arc represented by dotted lines. From each 
end of the horizontal Ikoxwe f,f,ff, rises a stout glass piftaQ: 
<r/ (f and (f (J ; surmounted with a brass ball b and b. These 
glass pillars, and another shorter one at P, support the curved 
brass conductor o, o,oi and also fhur iiit)bcrs, two on each 
pillar, with their silken flaps s s, and s, s. The glass plate, 
represented by ihe large 'oval, is /four feet in diameter : and* 
revolves remarkably tnie, on stout brass axle, supported in 
the middle of the cross pieces tfi the vertical frseiies e, e, e, e, 
'and e, &c. Th(i vertical brass rod r, screws into the ball b, and is 
intended to keep the upper silken flap from being displaced, 
by connecting them with silken cord in the manner shewn by 
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the xig-ZAg lines. The 1^'er silken flap is kcix in its place 
by attaching it, in a similar manner, to its vicinal glass pillar 
9^ • The prime conductor c, c, c, c, is a splendid a])]U'ndage 
to^the machine. It is oC brass, beaiiliiiilly polished and 
lacquered, and tumished with a stout solid gdass stem //, //, 
which, by means of a brass dovetail is attacln'd to tli^i cross 
jnece of the front verticid rectagular frame c, c, c, c. 'Hie 
^collecting points proceed from two straight brass tiibi s t(»r- 
iftinqjed with ebony balls as seen in the figure. The massi\e- 
ness of the frame work, the unusual size and elcgama* of the 
prime conductor, and the exccdloncy of workmansliip displayed 
in the whole, give to this inacliine a dt^gree of niagniliiM.nce, 
pcrliai^ never before equalled in any piece of oleefrical 
. apparaRtajt. Its power corn;sponds with its magnitude, and 
appearance, and, if possible, sur])asses my anticipations at 
thetimo I gave directions for its structure. , 1 have aln\idv 
passed fmougha .series of twelve liecLures on el4,'ctriciiy since 
the arrival of the niachim^ at this Institution, and its piu*- 
formanee has given both our Directors and my.self the gre:it(‘st 
satisfaction. 

• ^ WILUAM STIUIGKON. 

• Royal Victoria Gallery, for the Kncour«ij^c'Dicnt of 
PracticjjLIicience, Mauclicbter. 
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fletier to the Editor on a Singular Aleteor seen al Sand 
wic/h Kent, 

• Sir, 

About midnight on the Cth inst. a most (ixtraordinary 
Meteor was seen by many persons in th(*se j)art.s, but 1 had 
acA the good fortune to be one of tbg observers. Persons 
with whom I have conversed say, it was as large as the inocai 
at full, the light intensely brilliant, even more .so than th<i 
brightest day light, and that our gas lamps for a few seconds 
were reduced to insignificant speck i of light. It passe,d to 
the N. W. I hope you wPl get some better account of this 
phenomenon. 

\\\ II. WEEKES. 


Sandwich^ 1840 
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NuU on Voltaic Batteries. 


In my nxncrimrntal Researches in Oalranisuo, h'ti-'’ published in IWW, I liave stated 
flint, it' any method' coiild be devised for keepiiif; the^iaiisfcr of tlie mercury l<i the copper, 
amalf^amized /inc mi^ht be very ad\ aiitageously employed in Uie «tructiire of voltaic bntlenes. 
Dunii^ the eoui'se of experiinf.iils whieli I w'as tlicn piirsuiutf, I discovered tJiat, iiJtlioiigh tiic 
electrical powers of copper, and soin** other metals, became iletcrioruted by u paiUal cuutim; of 
mercury, iron, on the contrary, -had its electrical powers improved by such a coatill^ of mer- 
cury, and formed with amalgamiitcd //me, u more powerful battiTy than cupper with zinc. 

About a year ago, I formed a battery of twelve iron gas tubes, each twelve inches high ; 
and strips of am ilgamalcd zinc, which iHTformed remarkably well. 1 am now making <C' 
very extensive battery of similar inalenals for tiiis Institution, which I shall describiOn the 
next number of the Annals. 


About a montli ago, Mr. J. P. Joule purchased one of Grove’s batteries of Watkins and 
Hill, and has been led to try sheet iron instead of the plutitiiun* That gentleman lufoims me 
Unit the iron performs veiy well. 


Roi/al Victoria GaU*‘ry of Practical Science, 
Manchester, March iOth, 1H40. 


WILLIAM STL’RGKOX. 
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state it is made to assume by the blow tliat is ^iveii to it by th<' 
fb^ and the steel. The blacksmith makes a itail red .hot; hv 
a few smart blows with a Jmmuier ; and the'indian obt.iiiis 
tire by nibbiii" two, blocks bf we^nl against ejicli either, 'fhese, 
and many other mechanieai processes, are productive of fin», by 
calling into action the calorilie inotier which, previously, was mi 
perfectly inert, as to be incapable of igniting the most i nil nn'ti^i .able 
N%itter. In some chemical eom)H)unds this l.iteiit ealonfie m.itler 
is so^ susceptible of activity by ineeli.inical operations, ili.it it n?- 
quires extreme eaution to prevent their ignition, even during the 
nece'\sfiry processes of ])icparing them, and transferring them from 
one vessel to another. ^ 

fn tKe <-our.sc oi‘ these lectures I sli.ill hav'e occasi.iii to show 
liiat an aci. r portion of the electric matlt»r, Ipa.s the power of dis- 
tKirhing an inactive portion, find thus causing it to bi'eoine .active 
.alsoT .\#tivp portions 4»f the electric inatUa- willplso di'.turh other 
active poi turns of it, and iHaome piliduciivc ol vei y iiifere.sting 
phenotnena. Active magiietie matter is .iho productne of* its own 
class of phenomena, by tlie operatum of it*-* peenli.ar forees cm other 
j\yrti^ns <»T* matter of its own kind: such, also, is the case wilhtlie c il- 
orific m<ittA*r ; for one portion w'ill distiirh another portion, ;md 
^thus become thi* exciting* c.nise for the display oi’ other j^alorifie 
jihenomen.i. Morc'over, these djstlnel kinds of matter have the 
pow'er of rccipfcK'.dly o()erating on one aiiollier, in such .i manner 
as to bgeonie tlio existing agents fir ithi* display ol‘ (“u h olhi‘rs 
pl^Miomeiia. llciua* it is ib.it w(i em]>loy the l(‘rms .7c( //o-a/oi*- 
niitstu, — iua((HvtiL-ri‘C(nnlif^ —ificnm-rhUridir/, See., the .idjeetive 
in each exjVt'ssion [oqilying the exciting agent, aiu) Mie noun the 
charaA'ler of the phenomena produeed. I shall ;iNo have to (Miiploy 
tlfe terms ir/ilra/iic-ctccli ialu «ind rulfnu'^ch rh'iciif/^ .ill ol whieli 
terms 1 shall endeavour to explain in their proper places ;i. I 
proceed. 
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Considerations on Chemical Forces ; By M. Gay Lussac.-^ 
First Memoir on Cohesion^* 

Jp" rposc presenting, successively, in several memoirs, some 
reflecticms on affinities; this subject appears to me one of 
great interest, but it is, very difficult, and in entering’ upon it 
1 should wish to reckon upon the indulgence and favorable 
concurrence of chemists* 

In the year 1718, a time when chemistry was yet obscure, 
GeolFroy, the elder, endeavoured to clas^^ify bodies according 
to the chemical relationship observed between them. He 
established the proposition, that, whenever two substances 
which hate a disposition to join together^ are found in con^ 
nexion^ if a third which has a greater inclination for one of 
ihem^ approach^ it willunite to that^ and ccmseit to abandon 
the other. 

For the support of this proposition, Geoffroy made a very 
simple table of the relationship between the different suIk 
stances, then known. It is printed in the Memoirs de V Acade^ 
mi royale des Sciences^ for the year 1788, page 202; but I 
thought it would be interesting to reproduce it here, as a 
historical monument, such as GeofflPoy has given, replacing 
the chemical symbol of each substance by its proper name. 

-"T — 

From the Compte Rendus ; translated by J. H, Lang, Esq. 
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The sobstancet at the head of each column, is compared with 
those beneath in a decreasing order of affinity. Thus, in the 
first eolumn, ardent spirits (or acids) h&ve a greater affinity 
for fixed than for volatile mkali salt, imsorbin^ earths, and 
metallic substances. In the fourth column, it is the oily 
principle, or primitive which has the greatest affinity for the 
sulphurio acid: afterwards come the fixed, and.volatile alkali 
salts, alkali salt, absorbing earths, iron, copper, and silver. ; 

Examining the different relations expre^d in each column . 
of the table, we perceive that GeJfiroy, has confounded the 
effects of affinity, which ought to have been separated from 
one another, and has compared some things which are not 
comparable. Thus the decomposition of sulphuric add by 
the pretended primitive sulphur, iron, copper, and silver, 
cannot be assimilated to the affinity of this acid for their bases. 
But this is not surprising, as in the time of Bergman, half ^ 
century later, the same confusion still existed. Geoffroy, had 
not accompanied his table with &ny explanation, he was 
limited in making the application of it to the preparation of 
corrosive sublimate by several processes, and he has done it i}t 
a tolerably successful manner. Geoffrey’s table, notwitb. 
standing its imperfections, is a fine conception ; it is also the 
first progress made in philosophical chemistry. 

It appears that for some time but little importance was 
attached to Geoffiroy’s table of relations. Subjected to s^ 
veral disturbing causes which often made them vary, they were 
considered as va^e, indeterminate, and entirely dependent 
upon circumstances. 

But Bergman, thinking that all the operations of chemistry, 
synthesis or analysis, were founded uppn attractions which 
were not understood, because they were subjected to certain 
conditions, which incited, stopped', or disturbed them, at last 
drew the attention and interest of chemists to the causes of 
chemical phenomena, and his dissertation, De affinilatibus 
eketivis, published in 1775, also fixed a remarkable epoch in 
the history of the sciences. 

Bergman distinguished in a body the attraction *of similar 
molecules, which he designated by the name of attraction qf 
aggregation i and the attraction of heterogeneous molecules, 
which he calls attraction of composition ; when this ^ts so 
that one substance displaces another in a compound, it then 
takes the name of simpk elective attraction ,* and if it act 
betwemi ^o compounds, whose elements may be reciprocally 
changed, it takes that of double elective attraction. 

Notwithstanding the opinion which some chemists had of 
tile inconstancy of affinities, Bergman appeared to consider 



349 - Considtra^oason.(^^uee^/JForces. 

» 

them as absolute, determined forces, but whoee effects cpuldbe 
modified by certain causes, the influence •of which be often 
appreciated in an ingenious, though sornetinfes very mcom-' 
plete manner. ^ 

. The first of these causes he found in the difference of 
volatility of Substances presented in tlie same sphere pf action. 
Bergman conceived that the difference in the affinity of two 
substances for a third, at a given temperature, might be more 
than compensated at a higher temperature, by a difference of 
volatility in fevour of the substance which had less affinity 
than the other, but more fixity. 

Before Bergman, the results" of the affinity between three 
substances were confounded with those in which there were 
four, that is, the products of the simple elective affinities with 
tliose of the double affinities ; and as they are really very dif- 
ferent, an objection was raised, from this circumstance being 
badly comprehended, to the theory of affinities. Thus, from 
the table of Geoffrey, fiied alkalies have a greater affinity 
than lime for acids, since in fact they separate it from the 
gypsum. However, it is said, that if we dissolve chalk in 
aquafortis, and add a solution of vitriolated tartar, the gypsum 
regenerates immediately ; a proof that the calcarious matter 
here manifests a greater power. Bergman remarks with pro- 
priety, that the two circumstances are very different, since in 
one there are only three, while in the other, there are four 
substances present. He explains the reproduction of the 
gypsum in the mixture of nitrate of chalk with sulphate of 
potassa, from the double elective affinities, conceiving the 
sum of the two active affinities to be greater than that of the 
quiescent. The explanation is certainly ingenious, but at 
present it is not enough. 

The effects of affinity may, according toJJergman, be 
further disguised, and the theory blamed, by ugexpected 
alterations in the substances present; — for example, nitric 
acid separatedr marine acid from its alkaline base, a fact which 
has been known for some time ; but Mayraf has discovered 
that marifie acid can, in its turn, displace nitric acid in salt- 

E etre. While ignorant of the true nature of marine acid, says 
lergman, this reciprocal displacement of one acid by another 
has escaped all explanation ; but now we know that marine 
acid contains some phlogistic, all difficulty vanishes. Nitric 
acid displaces muriatic by simple affinity ; the latter yields its 
phlogistic to the nitric acid, wheriier it be free or combined 
with a base, and hence their redprocal displacement becomes 
the consequence of this alteration. It is mso thus that white 
arsenic (arsenious acid) decomposed by distillation salts. 
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formed by nitric, but not those formed by marine acid, because 
they also cont^^ined a certain quantity of phlogistic. 

Bergman equally well explains the ahoraaliea of decompo- 
sition due to solubility. It happens, says this illustrious che- 
mist, that at first no trace of decomposition appears, though 
it has really taken place ; thus vegetable, displaces mineral 
alkali from its combination with acids, although we perceive no 
conglomeration, no precipitate ; this circumstance has caused 
some celebrated chemistls to conclude that vegetable, has no 
power over mineral, alkali. But lei us suppose that a little of 
this latter has been eliminated,, is it separated ? — certainly Mt ; 
it remains in solution : for if we evaporate it we shall obV%i 
crystallized mineral alkali, with which we could prodilt "^ 
Glaubi'r’s salts or quadrangular nitre. ■ 

I shall here conclude these quotations. They are sufficient 
to shew that Bergman has deeply studied the theory of affini- 
ties, and enriched it with numerous and useful observations. 
What he says of simple elective affinities is in general exact. 
The imperfections that wc remark in it, extend even to the 
state of the science, still uncertain and often obscure in its 
march ; and perhaps the Chemical Statics has made us too 
quickly forget the real services Bergman has rendered to philo- 
sophical chemistry. 

In what concerns double elective affinities, with the equili- 
brium of active and quiescent forces, Bergman has certainly 
shewn great clearness: his explanations are seduciftg; but 
he has not understood the correct explanation of the precipi- 
tates, obtained by the concourse of double affinities. 

Bergman, in imitation of Geoffrey, has explained nothing 
concerning the measure of affinities, and^e was right. This 
question is even now a delicate one, and nob at all easy of 
access. He has confined himself to arranging the bodies by 
their greater or less affinity. 

Such were the ideas of Bergman on affinities, which were 
prevalent ’till Berthollet published his researches on affinity, 
and his Chemical Statics^ but, they were then eclipsed by the 
great eclat thrown on these two productions. 

Berthollet, in the study of affinities, was engaged with two 
principal ideas : the influence of the force of cohesion in che- 
mical phenomena, and the proportion of affinities, which he 
thought to find in the mass of bodies that enter into com- 
bination. 

According to this illustridus chemist, cohesion or reciprocal 
attraction of similar molecules is a powerful force which can 
balance the affinity of heterogeneous molecules, and determine 
combinations^ and decompositions. 
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'iiot «xtst at the time it shows its effects onfy, hdt 
even along time before it becomes effective^ He shews 
frucB tbie analogy, tltot as soon as a liquid becomes gaseous, 
and a gas liquid, the dilation of the former, already influenced 
by the gaseous state it is about to take, and' the contraction 
of the second, influenced by the liquid or solid state it' is 
taking, follow a progression more rapid than the greatest di&> 
tance of this term. But this argument of Bergman for the 
establi^ment of the influence of cohesion, some time before 
its effects are manifested, ‘ remains without foundation, when 
we consider that there is no unique, constant point for the 
change of a liquid into an elastic fluid, and reciprocally; but 
on the contrary, this change is incessant at all temperatures 
and under all pressures. 

~ Whatever opinion others may form from Berthollet's de- 
monstration, it is, sufficient for me to state that he adopts tbe 
pre-existing influence of cohesion, and that he has made it 
enter into all the precipitations and chemical solutions, llie 
affinity,’ says he, which may produce the solid state, ought to 
be contidered as a force which not only acts when the solidity 
appears, but even before that time ; so that every time he 
produces a solid substance, whether by separation or combi- 
nation, we must look in the reciprocal action of the parts 
which acquire solidity for tbe cause itself which produced it, 
although it may not be manifested before. 

The theory of decompositions has received from Berthollet 
unexpected improvements. We‘ are indebted to him for the 
principle that the change of acids and bases between two salts 
takes place, every time the salts proceeding from the change or 
only one of them, have less solubility than the given salts. 
This principle h of a fortunate fertility, and, we may say, con- 
stitutes one of the finest acquisitions of chemistry. Biit Ber- 
thollet taking cohesion for the first cause of doublo decom- 
position, does not appear to me to have given the true demon- 
stration of ic. He supposes it is the cohesion of the salts 
not yet existing, which nevertheless determines their formation, 
and this supposition is inadmissible. For if we can agree 
witii him that the cohesion begins to act in the solution of a 
salt before the time of crystaUization, there is no more of it 
even when the salts do' not exist any longer, as in the case 
ci the mixture of two salme solutions* 

Bergman supposed that affinity was an absolute force, ad- 
2aitting no division in its effects; and had only estaUished 
inDong bodies a relative affinity. BertiioUet, on the contrary 
beUeyed that affinity was not used in an absolute mminef, with- 
out' ^yision;; tiiat thus a base in (be presence 6i two acids 
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did not exclusively combine with the n^st powerful, as Ber^- 
men thought : bu& that it divided itself between the two in 
j^oportion to their affinity and quantity. (Hence the principle of 
Berthollet, that the affinity qf different Ocids for the same alkor 
Une base^ is in the inverse proportion to the ponderabh quanr 
tity of eqch of them^ which is necessary for the neutralisation 
of an equal quantity of the same alkaline base. At present, 
and, 1 may say, for some tiuie past, this measure of affinity has 
been abandoned; At the time BerthoUet wrote his Statiqm 
chimiquej the atomistic theory was but little understood, and 
some years later, BerthoUet would certainly not have pro- 
posed a method of measuring affinity that gives nothing else 
but the atomic weights or equivalents, which we know to be 
independent of chemical ati. actions, or at least to have but very 
distant connexions with them. 1 hope hereafter to be able to 
return to this subject, as weU as to the division of one. sub- 
stance between two antagonists. For the present I shall con- 
fine my observations to the force of cohesion, since it is made 
to take so large a share in most chemical phenomena and as it 
is of the utmost importance to the better appreciating its real 
influence. 

The attraction of hetreogeneous molecules has been rightly 
distinguished after Bergman, from that of homologous or sim- 
ilar molecules, which has also been designated by the name 
of aggregation^ and since BerthoUet, by cohesion. These two 
forces have, without doubt, the same^origin, but not appearing 
to have any common tie in different bodies, their effects could 
not be confounded. 

Cohesion itself takes different names from the lights in 
which we consider it. It is called iena^ty^ when weight or 
force is opposed to it for determining toe rupture of a body. 
It is called hardness, when taken for ,the resistance one body 
offers touanother with which we wish to cut it. Tenacity, 
and hardness are evidently cohesion itself ; or at least they both 
essentially depend upon it. Bodies which have^he most tena- 
city are also generally those which have the greatest hardness 
or, according to our notions, the most cohesion. M’evertheless 
this ought only to be understood of uncrystallized bodies, be- 
cause, for crystallized bodies, there exists an easy cleavage, 
and we can. very well conceive that there may exist notable 
differences between hardness and tenojcity, according to the 
' direetionof the rupture and separation of the particles. 

' Comparingamong themselves the three states which the same 
body can take, we have been led to make each of these states 
i .depeiidiOU the relation of the peculiar cohesion of the mole- 
cules of tills body to their repulsion. It is very certain that 
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in so^ds the cohesion is the greatest ; in liqul^ls it is much lesSf 
hut it is always somelbing, since there is nq liquid which does 
not take the globukr/orm, and that a drop si^f^pended from 
a solid, may be divided into two parts, of which the lower 
adheres to the higher, notwithstanuing the iveight which in^ 
dines it to fall. 

The word cohesion^ in a chemical point of view, is taken 
under another acceptation. Here the action is complex ; the 
body to be dissolved and the solvent are both present, and 
each acts on the other. •The resistance tlie one offers to 
the other is called insoluhility, which must never be taken but 
in a relative sense. Tliis rcsislanoe, let us now say, insolubility, 
depends essentially, according to the established belief, both 
on the cohesion or reciprocal attraction of the similar mole- 
cules of the body to be dissolved, and its affinity for the solvent 
we present to it. So that it is supposed, if the body, instead 
of being solid, were^liquid, the solvent would take a much more 
considerable quantity of it. 

This, if I mistake not, is the opinion commonly formed of 
chemied cohesion and solution. Not being able to divide it 
niedy, and proposing to discuss it, I thought I ought here to 
introduce these details, which their shortness will without 
doubt excuse. The progress of science brings daily new modi- 
fications into our ideas, and it is very necessary to fix the 
starting point of a discussion, if we wish it to be clear and 
useful. ^ 

But before treating of cohesion w^ith regard to its influence 
in chemical phenomena, I shall allow' myself to turn my atten- 
tion to a physical operation which also appears connected 
with cohesion, and appears to me very proper to throw light 
on the method of inflthmcc of this force, I speak of volatiliza- 
tion. 

I suppose a volatile body, able to present itself i^idcr the 
solid and liquid forms within the limit of temperature aecos* 
sible to observation ; water for instance. . If the elastic force 
of its steam be determined, starting from 20 below zero, at 
which it is solid and possesses a great cohesion, we find that 
the progression of tins elastic force, is no way affected by the 
passage from the solid to the liquid, or, reciprocally, from 
that part of the liquid to the solid state, that is to say, that 
the mstic force of ice at zero is precisely the same as that 
of water, at the same temperature ; a similar observation for 
every other degree of the thermometer at which we can find 
water at the same time in the solid and liquid state, the elastic 
force of steam will remam the same for both; and, however, 
without exactly deciding the degree of cohesion of ice, in com* 
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parisou with that of water, we may admit that it is incompR'* 
rably greater, perhaps more than a thousand times, 

This observation w'hich struck me same time ago I have 
verified on hydrocyanic acid, which wc know solidifies at about 
15 below zero and still preserves a very great volatility. The 
progression of the elastic force of its steam, has been no 
way afiected at the time of the change of state ; and this 
result may be considered as general. 

Hence there is no relationship between the cohesion or 
attraction of the molecules of a* body and their repulsive 
force ; the one is consequently quite independent of the 
other and the elastic force cTf steam is only (fetermind by the 
number of molecules able to maintain themselves in a gas- 
eous state, in a limited space jit a given temperatiire- 

However w^heu we consider that salt water produces a 
steam whose tension is less than that of pure water, at the 
same temperatures,* a result which can only be explained 
by an affinity of the aqueous for tlie saline nioleeiiles, we may 
ask, in assimilating this affinity to that of water for its own 
molecules, if the space above a surface of water is really satu- 
rated with steam, that is to say, if the equilibrium established, 
the least cooling of the steam taken from the actibn of the 
water, the least reduction of space w'ould not occasion the 
precipitation of a certain quantity of steam ; or whether, for 
the same space above salt water, the saturation is not com- 
plete, so that the steam takem from the action of the liquid 
might be cooled or Tcduccd in volume within certain limits, 
without the least precipitation of its molecules. I am dis- 
posed to believe that the space above pure water becomes 
completely saturated with steam, from tlie conskUwation that 
the difference of the attraction of the railtecules of ice among 
themselves, to that of the molecules of w^ater, avails nothing 
in the elastic force of the steam of each of these bodies, taken 
at the same temperature. Nevertheless, the experiment does 
not appear to me less interesting to try, and althcugh very deli- 
cate, 1 propose to prepare for the execution of if. 

The observation that the elastic force of a body remains 
constant at the instant o( the change between the liquidity 


* It has been pretended that the stream which comes from an aqueous saline 
solution, boiling later than water (at 110" for instance) was always at 100". 
This is a very great error ; steam has always the same tcm^ieraturo as the last 
liquid bed it traverses ; but wbat hai caused the deception is, that steam, as 
also every other elastic fluid, cools very rapidly until the time of their condensa- 
tion, when the cooling is more powerfully compensated by the liberation of 
their latent caloric.. 

VoL. ly. — No. 23, Marchf 1840. B b 
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and solidity, doubtless clashes with the received ideas relative 
to the molecular constitution of each of these jtates ; but it 
would not oppose diein less even if we derived from it the 
consequent, that molecular attraction is the same for a liijuid 
as for a solid at the instant of the change of state ; for tins is 
accompanied with variations as much in the volume of the 
body as in its quantity of caloric, which appears to aifnounce 
a great alteration in its molecular constitution. And whether 
die molecules in taking the solid state, are only caused to 
approach; whetlier they placed together otherwise; or 
finally whether they unite in small geometrical groups which, 
by their arrangement, would modify the volume of the body; 
results all of which, depend necessarily on another mode of 
action in the molecular forces;' at least it is certain from our 
scientific analogies, that they are then in very different con- 
ditions from what tjiey were before the change, and it is still 
very remarkable that their elastic force is indifferent to all 
these pertubations. 

These preliminaries established (and 1 consider them of 
great importance from their connexion with the principal 

a uestion which I have started) I shall turn my attention to 
le effects of cohesion, and follow them up more particularly 
in solutions. 

We will look for some bodies uniting the double condition 
of being soluble in a solvent, and of being able to appear 
solids and liquids within accessible limits of temperature for 
tlie determination of their solubility. 

Among salts 1 do not know of any which combine these 
two conmtions. 

^Among acids, I fought camphoric acid, of which we find 
a table of sohd)ilit^ in Berzelius, from Brandes, would 
furnish me with an example of solubility under the desired 
conditions ; and in fact this acid whose fusibility is given at 
63", appeared to show a solubility above and below this 
point, which was subject to a law of regular continuity. But 
wishing to repeat these experiments of Brandes with some 
camphoric acid, such as is obtained from M. Leiboy, 1 per- 
ceived that this acid would not fuse even at 300", and conse- 
quently I abandoned it. 

. Among infihmmable bodies, cetine, paraffine, fat solid acids, 

. present no anomaly in their solubility m alcohol while passing 
the solid to the liquid state ; the progression in propor- 
tion as the temperature increases is perfectly continuous and 
regidor. I shall give by and by tiiese different solubilities, 
regretting, much, that 1 have not among the salts more 
- cxim^itive examples. 
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But the cohesion of these different bodies while they are 
solid being greater than when they are liquid, and their solu- 
bility not beiitg disturbed at the iniltaiit of changing from 
one state to another, neither before nor after it is absolutely 
necessary that it be independent of the cohesion. 

Further, if I take the solubility of an oil in aleohol I find 
that it*acts in general precisely like that of a solid, although 
liquid, that is to say without great cohesion ; the solubility, 
very feeble at a low temperature goes on increasing progres- 
sively with it. Thus a body whether it remains constantly 
liquid, or whether at first solid it afterward becomes liquid, 
presents under each of these circumBtances the same kind of 
solubility. 

Gaseous substances themselves sucR as chlorine, do not set. 
to me to undergo any alteration in the progression of their 
solubility at the moment of their change pf state. 

Finally, if the cohesion of a salt had a great influence 
over its solution, the solvent would never be completely 
saturated by simple contact with it, and the solution separated 
from the salt, might be reduced in temperature a certain 
number of degrees without giving up the salt. But it is 
not so, setting aside the accidental circumstance of inertia of 
the molecules, the solution gives up salt immediately it be- 
comes the least cooled. 

Hence 1 am inclined to think cohesion has nothing to do 
in general with solution. As the elasticity of vapours, so, the 
solution of a body, varies with the temperature ; it is doubt- 
less, also connected with the reciprocal affinity of the solvent 
and the body dissolved ; but the effects of affinity not being 
valuable with the temperature, while t^o of solution depend 
essentially upon it, it would be difficult not to admit that in 
solution as m evaporation, the product is essentially limited 
to eachnlegree of temperature, by the number of molecules 
able to exist in a given portion of the solution ; they separate 
themselves for the same reason as the elasticT molecules are 

{ precipitated by a decrease of temperature; and probably also, 
ike these latter, by the compression and reductidn of volume 
of the solvent. 

Thus when the temperature decreases in a solvent saturated 
with a body, the molecules in excess with regard to the new 
temperature will be precipitated, not by virtue of the cohesion, 
which we suppose ought to incline them to separate and 
aggregate, but because they can no longer be maintained in 
the solvent as takes place fbr a vapour saturated space which 
has just been cooled, hence it would be of but little matter 
whether the molecules repulsed from the midst of a solventf 
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6e|>air&ted, took the solid, or liquid; or even the 
elastic form. * / 

Whenever solutioii isi* essentially connected with vaporisation 
in this manner, that both are dependent upon the temperature 
and obedient to its variations. Hence they ought both to 
afford, if not a complete identity of effects at least a great 
analogy: their essential difference consists in the gaseous mole- 
cules not having need of a solvent to keep them in a given space 
their repulsive force being sufficient for this purpose. On 
the contrary in the solution of a solid or liquid body, the 
molecules could not keep themselves in the space ii they were 
connected by affinity with the molecules of the solvent. This 
condition fulfilled, the solution following its particular course, 
yielding to temperature *as every vapour has also one particu- 
lar to itself. 

Hence the analogy which solution and vaporisation have 
holds to their complete submission to temperature ; and as the 
variates it appears to me incontestable, that the elastic 
force of the vapour of a body is quite independent of the 
state of this body or of the cohesion of its molecules since it 
remains constant when the latter varies, I shall still be dis- 
posed to admit from these analogies that solution is regularly 
independent of cohesion. 

However, if there exist analogy between vaporisation and 
solution, we may ask, why while the clastic force of vapours 
follows a regular ascending law, the solubility of some salts 
such as sulphate, sclcniate of soda, presents all tit once a 
point of repulsion and a decreasing course. 

1 shall remark first that the difficulty remains the same 
whether there bo an\ analogy between vaporisation and so- 
lution or not, and thus it cannot constitute a serious objecti- 
on ; in the second place the retrograding point in»the solution 
of some bodies, may be easily explained by the consWeraton 
that at this point it is no longer the same body whicli conti- 
nues to be dissolved. Thus for chlorine from 0^ to about 8^ a 
space of temperature during which it is in a hydrate state, 
thesolubilty is ascending but at this latter point, the hydrate is 
overcome and immediately, as the solubility follows a decreas- 
ing progression as far ns 100, at which it is almost nothing. 
This is very evidently hydrate of chlorine wdiich is dissolved 
from 0^^ to above that of chlorine only. Finally for sulphate of 
soda, the decrease of the solubility in proportion as the teraper- 
atuK increases above 33^ may be attributed to a diminution of 
affinity. I shall return to the solObility of this salt. 

As there is some interest to know whether a salt susceptible 
of forming a hydrate, dissolves in water, hydrated or anhy- 
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dmted, I shall mention a fact which seems to me necessary to 
remove the uncortainty : it is that, whenever an anhydrous 
salt, or any otlier body not having tho property of forming a 
hydrate, is dissolved in water, there is constantlv a produc- 
tion of cold ; and that, on the contrary, when the salt can 
form a^ hydrate, there is a production of heat* When the 
hydrate is complete, before the solution in water the case is 
the same as when the salt cannot bo hydrated. We may 
perceive that it might sometimes happen that the heat pro- 
duced by the hydration was less*than the cold produced by 
the change of state, but I have not yet perceived any excep- 
tion. The filet that I have just particularised will also esta- 
blish a fresh analogy between solution and vaporisation, 
relatively to the heat rendered latent in tho change of state. 

Ill comparing solution with combination, w^e may assign 
a remarkable difference between thorn, ^ viz. that solution 
varies at every instant with the temperature while combination 
is not similarly obedient to these variations. 

If my observations be correct, they will greatly weaken 
the influence which IJerthollet has attributed to cohesion in 
all chemical phenomena; but I feel too much the w'eight 
of this illustrious authority not to be, in deflanee of my 
own arguments, and not to be staggered iu iny new cou- 
lictions. It is with this sincere feeling of doubt, that I 
shall indicate some applications of the light iu W'hich I 
consider cohesion. . 

llerthollct has often repeated that when one body precipi- 
tates another from it, it is not always an indication of a 
superiority of affinity ; that it is the cohesion which takes the 
precipitated which determined the dccoimrosition. 

From the principles which I have esiWistied, cohesion on 
the contrary,,, has only a secondary place in the precipitation, 
as in th^ solution : the precipitation is a constant proof of a 
greater affinity ; cohesion only shows it by rendering its effects 
sensible. 

With regard to decompositions by double affinity, our 
explanations are equally divergent. If we submitr a solution 
of sulphate of soda with one of nitrate of lime it makes a 
precipitate of sulphate of lime, and nitrate of soda remains in 
solution. 

Bergman explains this result by saying that the sum of the 
aciiot affinities which are in motion carries it over that of the 
qujescmt affinities. 

"According to Berthollet there is a double decomposition, 
because tho sulphate of lime is tho most coherent of the *four 
salts which may be conceived from the mixture in the solution, 
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previously to ' oH preeu^tion. Bertholletr coueeived that 
although tlie sulphate ot lime does not exists still the cohesion 
v^h It must take determines the formation <» k as well as 
the separation. 

This explanation I believe has never appeared satisfactory. 
As long as the sulphate of lime is expected not to exi|t in the 
solution, the cohesion that it should take cannot be cited to 
explain its formation and precipitation; and for the same 
reasons we can no more invoke the insolubility : it does not 
determine the change as a first cause, it only renders it 8ens> 
ble and effective, when it has been used in determining the 
separation of its products. What then is really the cause 
which presides over the decompositions by double affinity ? 

If we turn our attention to the precipitates resulting from the 
action of the double affinites, we find that those are not the most 
stable precipitates ^hich contain acids and the most powerful 
bases. Thus sulphate of potassa although formed of elements 
endowed with a powerful affinity, is transformed in its mixture 
with acetate of lime, into sulphate of lime, the base of which hasa 
much less affinity for the sulphuric acid, than the potassa. In 
the mixture of sulphate of lime with carbonate of ammonia, 
the lime is precipitated with the carbonic acid in a much less 
stable combination than it formed at first. It would be easy 
to give many similar examples. ' 

Hence it will not be correct to say, that after the mixture 
of two saline solutions, the strongest acid always combines 
with the strongest base; it would appear on the contrary, 
that the salts in a state of neutralization, may change acids 
and bases independently of their reciprocal affinities. 

Judging only by results of experiment, the change is 
manifested by thg prwipitation of a new insoluble salt alone, 
whose formation, accormng to BerthoUet, woul4 even be the 
cause of the change. But as the reasons he has gii^n for it 
are not satisfactory, we may ask, if the cohesion of a. salt not 
yet existing, or its insolubility, which does not even carry the 
idea of cohesion, can exercise their action before the formation 
of this salt* and be the real cause of it.; or rathmr even, if .not 
being able to determine this formation they only miercise their 
infln^ce afterwards, causing the separation of one of the aadr 
salts produced at the moment of the mixture. - ; 

To myself, after the obsmations I have presented^ on the 
slight mnuence of cohenon in solutions and chemkalpreah^^ 

tations, the question does not appear doubtfidi' ' ' .i-.- 

1 diaU r«ca& to-aamd first thattlm solaldli^of o.«didbbdy 
in a hfilvaBt, iano wayaffeeted by the cfiffisr^Me^qoMdeeular 
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•tmctioa between the solid and liquid states that consequentlT 
^ change cannot be adeoted any longer. 

But to tbcK considerations we may add others adiioh appear 
to me of great weight. 

The c^ge between the acids and bases of two salts may 
take pl^, according to Berthollet, in several ways. Besides 
the inmlubility which most usually determines it, a difference 
of fusibility, density, and volatility, may also, very well produce 
it. But in the case, for example, of a difference of volatility, 
we can no longer invoke the reciprocal affinity of the molecules 
as for a solid, or even for a liquid, since, on the contrary, the 
molecules of the salt which is separated are in a state of re- 
pulsion, and that we may also demonstrate, as in tlie case of 
insolubUity, as in that of volatility, it is always the most 
volatile salt that is formed. 


Thus the change taking place, according to the received 
opinion, under very different circumstances of solubility, den- 
sity, fusibility, and volatility, one of them cannot bo the true 
cause of the change to the exclusion of the otliers, and con- 
sequently this cause ought to be considered otherwise, inde- 
pendent of these different circumstances. 

Since the change is not determined by the reciprocal 
affinity of the acids and bases, since also it is no longer by the 
secondary causes wc have just enumerated, > and as however 
these latter cause separations, it necessarily follows that tlie 
change precedes them, and we can only be satisfied with re- 
gard to these different causes of separation, by admitting that 
at the moment of the mixture, before any separation, there is 
a complete confusion between the acids and bases, that is to 
say, the acids combine indifferently wit^the bases and recip- 
rocally; the order of combination is oflittleuimportance, pro- 
vided the acidity and alkalinity are satisfactory, and they are 
evidently so, whatever equilibrium may be established be- 
tween the acids and bases. 

This principle of indifference of equilibrium’ (cguipof/eTtcc) 
being established, the. decompositions produced by double 
affinit y are explained. with very great Bimpi|^ity. At the 
moment of the mixture of two salts, two new ones are formed, 
bearing some relationship to the two former, and aUowing one 
of ^ese properties, insolubility, density, fusibility, volatility, 
to be stronger in the new than in the given salts, there 
be- a disturoance of the equilibrium, and separation of 
of, one salt, sometimes even of several. 

' ' Stdl itis essential to consider that, although we adinit a con- 
fu^omattthe'tiine ^ tits mhiture of' two. or more saline sol^ 
tions, it may not always rigorously take place. We know in 
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fact, that the molecules of a compound oppO^ a aort of inertia 
to the change, and that time or oisturbance'is o^en necessary 
to cause^is change/ Many saline solutions, and particu- 
larly that of sulphate of soda, keep themsdves sur-saturated 
at very inferior temperatures to that at which they ought to 
begin giving up the salt. A solution of sulphate of ipagnesia 
mixed with a solution of oxalate of ammonia, when left undis- 
turbed, gives no precipitate of oxalate of magnesia for a long 
time after the mixture, whereas it is produced in a few 
seconds by means of a rapid agitation. Besides this circum- 
stance of the inertia of molecules, which is opposed to the 
change, we may admit, in the ease of a complete reciprocal 
saturation, such a state of indifference, or if we prefer it, in- 
stability between the acids and bases, that the slightest cir- 
cumstance, even a very feeble cohesion, might disturb the 
equilibrium and determine the change. 

Even admitting that the confusion has taken place, we might 
yet conceive that the separation of the newly formed salts, 
would not be instantly effected, and for this reason we see 
that water remains liquid several degrees below zero. Hence 
it is possible to conceive that the reciprocal action of the 
molecules which separate themselves from the solvent, deter- 
mines and accelerates the phenomenon. But this reciprocal 
action of the molecules to reunite into a liquid or solid mass, 
I always consider as only occupying a secondary place in 
chemicm-phcnoinena. 

It is easy to demonstrate the change between the elements 

two salts, although it may not be accompanied by the for- 
mation'of a precipitate, i.et us imagine a solution of sulphate 
of protoxide of iroriy^ and pass through the mixture a current 
of sulphurated hydrogen : there will immediately be made a 
precipitate of sulphiirct of iron, which makes us suppose that it 
wa& fonned previously from the acetate of iron. I kaow that 
in the real case, we may object to this change having taken 
place betwecer the strongest acid, sulphuric, joined to the 
ijlJKingest base which is here the sodar; but the objection will 
not appear’ foi^ded if we recollect that the reciprocal affinity 

the acids and bases appears quite foreij^u tolhe formation 
of pfccipitates formed by the concourse oi double affinities. — 
Every other base besides soda, the weakest ^ we can choose 
among thoso which arc not precipitated by the sulphurated 
hydrogen, would produce a similar effect. Thus acetate of 
alumine mixed with sulphate of iron, determines its decompo^ 
aitipn by sulphurated hydrogen, * . 

The principle of chemical equilibriums {equipoll€nces)vfhich 
has just been admitted with regard to saline substances, ap- 
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pears to me to e^iteiid to all anfilogous compoundsi that is 
to say to all those, in which the' sum of the neutralizations, 
after the mikture will be the same as before,, as for ex* 
ample, for water and a chloride. 

Here is a very remarkable fact. It would appear that, in 
the reciprocal combination of two acids with two bases, there 
is expemled a certain quantity of action, whether chemical or 
electrical, which remains constant in the change. 

1 had wished to say a few words on solution : but I find 
myself prevented by the difficulty of the subject, which is 
much greater than it appeared at first sight. 1 shall confine 
myself to remarking, that the word solution is applied under 
very dissimilar circumstances, which ought, however, to be 
carefully distinguished. In a solution properly so called, such 
as a salt in water, there is no decomposition between the .sol- 
vent and the body dissolved ; the effect varies in general with 
the temperature. On the contrary, in a solution by an acid 
or alkaline solvent, there is generally decomposition, format* 
tion of new products, and the effect no longer varies with the 
temperature as in the other solution. Hence wc must deter- 
mine in each particular case, whether it is simply' solution, 
whether it is tlie consequence of the formation of new pro- 
ducts, or if in that these two circumstances cannot be joined 
together. But to arrive at this determination some data* 
which will form the subject of another memoir, are still 
wanting. ... * 

1 terminate this first work without hiiving nearly exhausted 
the matter it embraces, but as 1 said at the beginning, th'd 
matter is difficult, and 1 had only promised making a few ob- 
servations. Perhaps they^vill have more interest in ^being 
strengthened by these 1 have yet to present. In the mean 
time 1 leave that to the criticism of chemists'', and shall con- 
sider myself happy if, at least as conjectures^ they Attract 
their attention. 


XL V. Optics. — Note on irradiation ; (v M. Plateau.* 

pk 

At the session of the 6tli of May last, M. Arago much 
wished to entertain the Academy with iqy memoir on irradia- 
tion, and presented at the same time some observations on the 
theoretic part of this work. M. Arago thought that we could 
not preserve the physiological explanation which 1 have en- 


* From the Compte Rendus. Translated by J. H. Lang, JBsq. 
Vof. IV.— No. 22, March, 1840. B b 
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deavoured to coii6nn, and advances a new ^eory from wluch 
the irradiation would be th# result of tb^ chromatic aberrar 
tionof the eye. The /considerations mentioned €y M. Arago, 
not having been printed, I have been prevented from becom- 
ing perfectly acquainted with them, and am not aware of their 
ten<mig to refute the arguments I have brought forward in 
&vor of the physiological theory. 1 shall not hebe recall 
these circumstances, but shaU content myself with examining 
the new h 3 rpothe 8 i 8 presented by M. Arago. 

It is true, the eye is not, tat present, recognised as a perfectly 
achromatic instrument, and it necessarily follows from this 
non-achromatism, that the images of objects are surrounded, 
on the retina, by a small band of aberration, which ought to 
increase a little the apparent dimensions of luminous objects 
projected on an obscure ground,' and diminish tliose obscure 
objects which are projected on a luminous ground. But 
whether this effect can be sensible under ordinary, circum- 
stances, and whether the small band of aberration has suffici- 
ent breadth for us to distinguish it, and to attribute to it the 
phenemenon known as irradiation, is the question I hope to 

solve. . , , 

I Bb a ll first remark, that by virtue of the same cause 
which produces it, thes mall band, wliich the chromatic aberra- 
tion of the eye draws around images, cannot be exempt from 
colors. Consequently, if this irradiation, manifested by a 
white object on a black ground, was due to this cause, it 
wpears that the object would appear colored on the edges. — 
But among all the observers who have engaged themselves 
with occular irradiation, not one has made the least mention 
of colored appcasances, and in the numerous experiments 
that I have made om irradiation under a great number of dif- 
ferent circumstances, I have never seen any thing similar. — 
This absence of visible colors, might, with difficulty^ be attri- 
buted to the small angular width Of the irradiation; the per- 
sons among whom the phenomenon has much developcment, 
virjlU be easily convinced, by repeating some of my experi- 
ments, or* by observing the well known appewance of the 
current, that the band of irradiation is of a width quite suf- 
&ient to allow its color to be seen If it bad any. 

Ih the second place, 1 do not see how it would be possible’ 
to explain by the aberration of refrangibility, this singtdar 
law to which irradiation is subject, viz,: — that when two 
objects of equal brilliancy arc only separated by a small inter- 
val, each of them diminishes the irradiatioii of the other in 
the parts in view, and that, in proportion as tlie two objects 
approach one another, so that at' last when they touch, the 
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irradiation is notlrinij for eaoh o|f them at the point, of con- 
tact; or how t» adihit an action exercised by a luminous image 
on the aberration produced about anodidr image. 

But WG may easily decide by direct experiments, whether 
occular irradiation is due to chromatic observation or not. It 
is sufficient, in fact, to try if the irradiation be also produced 
when the object is bright, by a homogeneous light. If in this 
case, we no longer perceive the irradiation, we may admit as 
true, the hypothesis wtiich attributes this phenomenon to the 
chromatic aberration of the eye, but if, on the contrary, the 
irradiation still appears, and to the same degree as with a 
compound light, equal in brilliancy to the homogeneous light 
employed, it will be impossible to discover tlio cause of the 
phenomenon in the aberration with which it acts. The fol- 
lowing experiments have been executed for the purpose of 
deciding this point. , 

The homogeneous light I have made use of is that which 
proceeds from the flame of a mixture of alcohol, water, and 
salt. I have imbibed with this mixture a quantity of cotton 
wick which I put behind an unpolished glass placed vertically, 
This mixture lighted in a dark room, gives a voluminous 
flame, and the unpolished glass obscured on the other side, 
forms a tolerably bright luminous field. To render the light 
still more homogeneous, I placed between the flame and the 
unpolished glass, a glass of a deep yellow color. Kvery 
thing being thus prepared, I placed successively berore the 
unpolished glass, the apparatus already described in the 28th 
section of my memoirs, aiul that which served for rny ex- 
periments or measure, after having reduced^ in this latter, the 
vertical edge of the movable plate, by pr Yonging that of the 
fixed one. These apparatus thus projected, were placed on a 
field of very oousiderable brightness, and a light so nearly 
approached to homogeneousness, that, in observing them by 
refraction across a prism placed vertically at fivo metres dist- 
ant, their image not only preserved a perfect i)iainness, but 
only presented laterally a greenish shadow so faint that it re* 
quires great attention to perqeive it. 1 ought al^ to mention, 
that in order to give the ©yes more sensibility, the experi- 
ments have not been made by day in a dark room, but at 
ni^t 

But, under the circumstances I have just described, and 
which necessarily exclude tbc effects which might have de- 
pended pn^'the abeihration ofl*efrangibility, the above apparatus 
have shewn me a very distinct irradiation. The same result 
was discovered by M. M. Burggrarve and Le Francois, two 
of the persons who assisted me in the experiment or measure 
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mentioned in my memoir, and who are, .therefore, accus- 
tomed to judge of the phenomena of irradiation.^ In order af- 
terwards to test the results produced, and those which would 
arise from a compound light, and one of a similar brilliancy, I 
placed before the above mentioned unpolished glass, another 
similar glass, behind which I lighted several wax candles so 
disposed as to afford an uniform light, and these I moved to 
and fro' till the brilliancy of this second glass appeared equal 
to the first. An opaque screen also separated the W5ix-c*aii- 
dles from the alcohol flanu^ so that each of the glasses received 
but one of the two lights. 1 had thus 'two luminous fields of 
the same brilliancy, but, of which, one was lighted by a homo- 
geneous yellow light, and the other by a light, which, without 
being as wliite as that of the day, was evidently sufficiently 
compounded for the purpose. I then placed before these two 
luminous lights, the apparatus of irradiation in thcinselved 
identical, and so disposed, that in observing them simultane- 
ously, it was easy to perceive if the irradiations developed by 
the two lights, differed sensibly from each other. Ihit this 
comparison, made by the two persons before mentioned, and 
myself, gave us no appreciable difierence ; the two apparatus 
shewed a distinct irradiation, but that which proceeded from 
this compound light was neither more nor less extensive than 
that which arose from tlie homogeneous light. 

These facts I think, lead to the following necessary con- 
clusionsj that wc must admit the existence of the aberration 
of refrangihility of the eye; which irradiation ought to be attiL 
buted to another cause, and the effc('t of the aberration con- 
sidered as entirely hidden, under ordinary circumstances, by 
the baud of ivraduivjpii. 


XL VI. Brief notice of the Extrication of l^rium^ AVro/t- 
tium^ and Calcium^ by exposure of their c/itor^des to a 
poiverful voltaic circuity in contact UHth mercury as a 
^\cathode f and the distillation of the resulting amalgams 
fty means of vessels of iron* 

Agreeal)ly to tlie statements made by Sir Humphrey Davy 
in his Ihikerian lecture, that celebrated chemist was not 
quite successful in isolating cither barium or strontium, as he 
declares that he was not enabled to expel from them com- 
pletely the mercury, by amalgamation with which they had 
been reduced to the metallic state from that of oxide. In the 
most successful experiments madd by him for the isolation of 
calcium, the tube broke, and the mass took fire before the 
distillation was accomplished. 


* Frum Silliman’s Journal. 
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On the Extrication of Barium^ 

Dt, Ilare has recently obtained^ by an improved process, 
all three of the m'etals above niefitioncd. In this, saturated 
solutions of the chlorides are substituted^ for moistened oxides; 
the mercury and solutions being both refrigerated by ice- 
water, or a freezing mixture wdthin receptacles contrived for 
the purpose. Two deflagrators, each comprising one hundred 
Cruicksliank pairs, severally e.xposing one hundred inches of 
zinc surface, were employed alternately. In conseiiuonce of 
this mode of operating, the charge of acid, at first feeble, was 
gradually strengthened by additions, so as to render the re- 
action towards the close as forcible as at the coiiimencemciit. 
This is highly important, since tlie difficulty of decomposing 
the chloride increases with the quantity of calcium combined 
with the mercury. 

The resulting amalgams were severally suhjecte<l to distil- 
lation by means of a crucible enclosed in an air-tight iron 
alembic, being protected from the access of air bycaoutchou- 
chine naphtha, mercury and desiccated hydrogen. For the 
complete ex])ulsion of the mercury, a heat above the soften- 
ing point of glass was necessary. 

So groat was the avidity for oxygen of the nu'tals thus ob- 
tained, that to see their bright, metallic white colour, the eye 
must follow closely after the movements of a file or buruisher 
employed to expose a fresh surface. Metallic whiteness is 
soon succ eeded by a straw color, as in the ease of steel filed 
at a high temperature. Hut the whole mass is soon reduced 
£0 a pulverulent oxide. Of this the color is dark, in conse- 
quence of a resinous coating resulting from reaction of the 
metal with the naphtha necessarily employed to ])rcvcnt the 
excess of atinospherui oxygen. In conseo^ience of this coat- 
ing being insoluble in water, but readily soluble iu hydric- 
ether, oxidizement ensues move readily iu the last-rnentioued 
liquid than in water. 

The metals in question w^erc all brittle, and much harder 
than [)otassiiim or sodium. By the evolution of ^^hc mercury, 
they are left in a form rcsenibling, in some degree, that of 
metallic arsenic. 

Davy informs us that he employed only fifty or sixty 
grains of mercury. Dr. Hare has employed a half-pound 
avoirdupoise, which is seventy times as great, and is under the 
impression, that with sixty grains it w^ould not be possible to 
isolate a perceptible quantity of calcium. Operating with 
much larger quantities of amalgam, he has found no residue 
besides a stain upon the gloss of the tube employed to 
distil off the mercury. 



358 


Process for a Fulminating Powder. 


XL VIL Process for a Fulminating Powder— for the Evo^ 
lution of Calcium and Galvanic Ignitidn of Gunpowder ; 
by Dr, Hare. 

An equivalent of quick lime, with an equivalent and a half 
of bycyanide of mercury, is subjected to a red heat in a porce- 
lain crucible enclosed within an air-tight alembic* of iroiu 
so as completely to exclude atmospheric air. The result- 
ing residual mass was found, in two experiments, to have the 
weight which would corre.^^pond with an ecjuivalent of calcium, 
united to an equivalent of cyanogen. From the filtered solu- 
tion of the compound thus produced, in acetic acid, a preci- 
pitate was obtained by the addition of niti ato of the protoxide 
of mercury. I'hia precijntat<v when^wcll dried was found to 
constitute a powder capable of fulminating by percussion. 

Isolation of Calcium by the deflagration^ in a receiver^ of 
desiccated hydrogen^ of the compound formed by igniting 
in a close vessel^ bicyanidc of mercury with pure quick 
lime. 

By exposing the compound of cyanogen with cah*ium, ob- 
tained as above mentioned, cither in vacuo or in an atmosphere 
of desiccated hydrogen to a current from two hundred pairs 
of Cruickshank plates, each comprising one hundred square 
inches of zinc surface, the calcium appeared to be isolated. 
Particles displaying metallic characteristics under the bur- 
nisher, and which effervesced in water, were observed, while 
the gas escaping had an odor rescmhlinglhat of silicuretted 
hydrogen evolved by silicurot of potassium, under like cir- 
cumstances. 

Deflagration^of phosphuret of calcium. — By exposure of 
the phosphuret of calcium to the current from the denagrators, 
as above described, calcium containing a trace of pkosiihorus 
appeared to remain. The phosphorus was' condensed upon 
the receiver in sufficient quantity to obscure the glass. The 
residual mass thrown into water effervesced extricating hydro- 
gen slightly phosphoric in its odor. When compounds of 
carbon with calcium were similarly exposed, the residue had 
a metallic appearance, but did not decompose w ater. 

On one occasion, a portion of the [[charcoal forming the 
anode was fused into a globule, having the con.sistency and 
other characteristics of plumbago. It appeared more com- 
pact than the globules obtained by us many years since, of 
which a portion was forwarded to l)r. Hare at the time. 
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Of l^ofessor D^nieWs adoption of Dr. Hards\ method of 
igniting* gunpowder by galvanic ignition . , 

During the summer of 1831, a method of igniting gun- 
powder by galvanism was contrived by Dr. Haro, the "idea 
having been suggested bv the abortive eilbrts of an ingenious 
individual of the name of Shaw, to effect this object by me- 
chanical electricity. Of the apparatus described for the pur- 
pose in question by T)r. Hare, engravings and doscriptions 
were published in this Journal m the autumn of 1833. We 
advert to these facts now in consequence of the recent 
publicatim of aualagous experiments by Pro. Daniell, 
King’s College, who in this case, as well as in that of his 
re-invention” of a hydro-oxygcii blow-pipe of Dr. Hare, 
was no doubt ignorant tliat he had been anticipated. 

In performing his experiments, it would seem that Pro. 
Daniell used his ingenious apparatus, kt)own as the sus- 
taining battery, which, although peculiarly (jualified for the 
produ(*tion of a durable current, js, as we think, far less 
c ompetent than the caloriniotor of Dr. Hare, to produce a 
transient intense ignition, such as would bo the most efficacious 
in igniting g unpow der. 

X LVIII. Method of adjusting tho Dipping Needle ; by 
Thomas Peuuy, Professor of Matbeniatics, United States 
Xavy.* 

TO THE EOITOUS. 

Centlcmcn, — Finding it necessary, some months since, to 
re'-adjnFt a needle belonging to my instrument for measuring 
the magnetic dip, I adopted a method ^diich, from its sim- 
plicity, 1 am induced to communicate, in the iiopc that it may 
be S(?i viceable to others in similar circumstances. 

The instrument being firmly fixed, and accurately levelled, 
the direction of the magnetic parallel of latitude aJid meridian, 
and the true dip, were approximately ascertained by properly 
reversing its faces, axis, and poles. The plane of its face 
was then made to coincide with the parallel of magnetic lati- 
tude, and the substance of the needle carefully ground away, 
from the sides perpendicular to its plane of motion, until it 
assumed the same position (the vertical) upon reversing its 
axis. The plane of the face w-^as then brought into the mag- 
netic meridian, and the needle again ground upon the sides 
parallel to the plane of motion, so as not to affect the pre- 
vious adjustment much, until it indicated nearly the true dip. 
These processes were successively repeated, until the errors, 


* Sniimati’s Journal. 
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sating sucfaLOS result from the imperfection of the circles were 
found* upon making all possible reversioys* to be less than 
thiM;)robable errors of .observation. 

This method may be advantageously employed in the final 
adjustment of new needles. I have employeu it successfully 
in one instance. Two small screws, at right angles with each 
other, might also be added, which would render grinding un- 
necessary ; but their weight would prove some incumbrance, 
and they would increase the liability of the adjustments to 
derangement. c 

The value of the process results from the difficulty of 
rendering manufactured and tempered steel devoid of mag- 
netism. Its correctness of principle is obvious from the 
impossibility of correct indications in two different positions 
of the needle, except when the centre of gravity coinciding 
with the axis of motion, the influence of this force becomes 
nothing in all case^. 

In making these adjustments, it is better that the magnetism 
be of feeble intensity, provided that it be sufficient to overcome 
inertia and friction; as, in this case, the influence of any 
other force is more obvious. Any two different planes or 
even the same might be employed by a little modification of 
the process ; but those specified ai-e most eligible, as in them 
the forces affecting the position of the needle, present the 
greatest disparity. 

U. S. Ship Independence, Jan. 28, 1839. 


XLIX. Formula for discovering the JVeight and Volume in a 
mixture of twq Bases^ hy Dr. Jno. M. B. Harden, 
Riceboro, Liberty County, Geo.* 

TO THE EDITORS. 

■v 

In the 12 til volume of the Philosophical M^azino'’ 
there is a paper by Mr. Golding Bird, upon the subject of 
“ indirect chc^mical analysis," in which he gives two formulm, 
by Puggendorff, for the quantitative estimation of two different 
bases in Aiixtures of those bases. Tliese formulae are suffi- 
ciently exact, but probably not as simple or comprehensive as 
might be desired. He alludes also to one annexed by the 
French translator to the “Analysis of inorganic bodies,” by 
Berzelius, which I do not find in the English translation of 
that work. As it may be well to multiply methods for the 
solution of such problems, I send 'you tiie following formula, 
which, although from the well known, principles which it in- 
volves, 1 cannot suppose that it has any claim to novelty, 1 


* Sillimaa’s Journal. 




On formula for dUccfOering a mixture of I wo bases. ^61 

have never seen proposed for this object. If you should con- 
sider it worthy the notice of the analytic chemist, you will 
please insert it in your highly useful Journal. 

In the mixture of tw'o bases, it is proposed to find the 
iveight and voliiine, or bulk of eacli base, by having givt'u the 
specific gravity of oacli ingredient, together witli the 
cific gravity of the mixture and its weight. Now, since 
the specific gravities of each base or ingredient of the mixinre 
are supposed to be known in most, if not all cases, :dl that is 
necessary will bo to dot<*nnino l/y* exptn-iments, the sporific- 
gravity and w'oight of the mixture, in order to find the (pian- 
tities desired. Lot A r= sp. gr. of one ingredient, )l s]). 
gr. of the other, and C = sp. gr. of inixtiir<\ Iit‘t also tljo 
weight of the mixture = I, and .r aiul y ~ the wc'ighta of the 
bases ; then it is evident that 

1 — jMid ar + y ““ 1 . 

A H C C 

These c(|uations reduced, give 

ac^ab ab-^ju; 

X and y . 

AC— BC AC— BC 

Multiply these fractions by the ninnb<»r i'X]>n*SMng tlie wtught 
of the mixture, and we have the weiglit of each base or in- 
gredient; and as the vohnnes arc‘ inversely as tlie. specific gra- 
vities, they are found by dividing the weights by the sp. gr 
of each. 

We give as an example, tlie mixture of^ixygen and azote in 
atmospheric air: 

l.Ull — l.lUl xJ^722 309 

.x'=. — — — ■ — • proportional weight of oxygen, 

l.l 111— .9722 1389 

.9722 1080 

y ■ do. do. of azote. 

l.llll— .9722 1389 

Now, since 100 cubic inches of^ air weigh 30.5 grains, it 
will be found that the weight per cent, of oxygen in atmos- 
pheric air is 22.23, and of azote 77,77 ^ divide these by the 
sp. gr. of each, and it will be found that the volume per cent, 
of azote is 79.8, tliat of oxygen 20.2 nearly, which corresponds 
exactly with the resxdt of the most rigid and careful experi- 
menU. 



363 


Mr, Clarke Hare^ 


I need scarcely remark that this formula applies only in 
cases where the specific gravities are detorniinod^by the same 
standard of comparisoij, although in every case they may be 
reduced to the same by an easy inatlicmatical cdculation. 

Liberty Co. Gee. Aufif. isth, 18 : 111 . 


L, Of the Reaclion of Sulphuric Add with the Essential 

of Hemlock; by Mr. Ciark Hare, of Philadelphia.* 

If equal parts of sulphuric* acid and oil of hemlock be mingled 
together, refrigeration being employed to prevent too great a 
rise of temperature, a black acid resinous mass results. By 
the addition of carbonate of lead and water, the unaltered 
sulphuric acid, present in great quantity, is converted into an 
insoluble sulphate, which, mingling with the resin, gives rise 
to a yellow mass resembling putty in its consistency, while 
there will be found dissolved in the water two soluble salts of 
lead. 

The presence of a very large quantity of coloring matter, 
interferes with the examination of these salts. This, liowcver, 
in a great im^asiu-e disajipcars on ])rccipitating the lead by sul- 
phydric acid gas, resalurating the liberated acids by the car- 
bonate, and again throwing down the lead in the state of a 
siil])liide. The partially decolorized acids thus obtained may 
then be saturatiMl with barytes, and the resulting salts evapor- 
ated to dryness, wlien they assunio the appearance of an 
amorphous mass. By washing with absolute alcohol, one of 
the salts lUH'seiit in tins mass is dissolved. On the solution of 
the other in water, ^ and subsequent crystalUzalion, it proves 
to be the acetate, of tviiytes. 

The salt clissolyed in the alcohol does not ap]H‘ar susceptible, 
of crystallization, probably on account ofits extreme solubility. 
On drying it assumes a gummy appearance, and by stiH farther 
desiccation, may be obtained in tlje state of a dry mass desti- 
tute of cohesiew], and susceptible of being with facility reduced 
to the state of a powder. 

Wlien exJJiosod to lieat in a retort, this salt resists an elevated 
temperature w’itliout alteration, but at length, if heated rapidly, 
carbonizes, giving off sulphurous acid and a small quantity of 
essential oil and watiw. There remain in the retort a spong}^ 
carbonaceous substance, and a large (piantity of sulphite of 
barytes. As this rcsiilt ])roved the acid united with the barytes 
to consist of organic matter, combined with sulphuric acid and 


• Eldest Son of Dr. Hare. 
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modifying its propertips, in order to ascertmn the qunmity of 
the latter pre<eiu^ be.ryios was preeiintated by earbonale of 
the fnveipitate weighed and iln* reMilting ptitush salt 
evaporated to dryness, il was then imiinatelv mingled witli 
the bhuk oxide of eoj)j>er and nitrate of potash, nitric acid 
added, and tlie whtjle mass gradually hoatevl to redness. Red 
iinnes fjire given olfdiiring the whole of the jmaess, and while 
the nitric acid at the beginning of the opeiaticni prc\ents the. 
ileoxidaiion of any ]:)orliim of the snlplnn ic acid ; at the end, 
the oxi-,!c of coppiu* ])revents the explosi\ i» reaction wdiicli wonhl 
ensue, w'ere, nitric acid and nitrate of ])otash alone jwsenl. 

The result of two ex])erin)<mts made in tliis inaniier, the mass 
after ignition being washed wdth diluted chlorohydric* acid, and 
the solution ]>reci]>italed by barytes, was as follows : — (\irboii- 
ate of barytes gr s. Sulphiit** of barytes gr's. (Car- 
bonate of barytes gr's. Siil])hate of biu*yt«\s 1(>| gr’s. 
The rpiantity of sulphuric acid as calculate d [r()m tlie (piantity 
u{ snl])liate preci])itated, is in each cas(‘, 5.5}) gr’s., w'lulc 
as calculated from tiu' ]irecij>itat(‘ of carbonate of barytes, 
on the suj)])ositi(>n that one atom of it is pn^scait in the 
])arvtes salt for each atom of base, it wojild l^e 5 gr’s. in 
the first instance, and 5.3 gi-’s in the* sei cmd. It will tliere- 
fore bt‘ perceived that in i)oth experiments the (piantity of sul- 
jilmricacid, as calculat(*d from the iVMilts, cxceiuls tlu*. (plan- 
titv neci'ssary for forming an eipiivahmt with the base jiresent. 
'J’his must be attribnh’d either to some inaccuracy in piTfonn- 
ing the analysis, or to the ])resenc(* ol a small rpiantiiy of some 
sulplio-organic acid, containing in its neutral salts, two atoms 
of sulphuric acid for each atom of laisc. The, fuvimir explana- 
tion is by far the most likely to be tna*, aUj?.! it scmmus probable 
that the composition of a mailral salt of tins acid may lie r(*pri‘,- 
sented by one atom of snljihuric acid, one* atom of organic 
matter, and one atom of base. 

A number of coinjauinds j^ossessing the ])ro])crties of acids 
have been discoven'd, consisting of an acid of sul])lmr modi- 
fied by some organic substance. I’hesc conqiounds may lie 
divided into two clas.se.s. In one are comprised fhose acids 
which arc composed of tivo atoms of sulpliuric acid, united to 
one of organic matter acting as a base, and wdiich consequently, 
in forming neutral salts, unite wdth but one additional atom <jf 
base. In the neutral salts fonned by the other class, two atoms 
of sulphur arc also present for each atom of organic matter 
and each atom of base, but are combmed witb oxygen m such 
proportion as to fonn byp'osulpburic acid, so that the organic 
matter present cannot be considered as acting tlio part of a 
base. Under the first of these heads may be enumerated tius 
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siilpliovinic, sulphetheric?, sulphomethylic, ^and siilj)hocotic 
acids ; under tlie second, the benzosnli)huri(», siilghonapthalic, 
and probably the suly)l»ovegetu*, and several others. For the 
acids contained in the first class, custom seems to have assigned 
as a nomenclature, a name derivetl from the organic matter 
entering into tlunr conij)osition, niodifitjd so as to terminate in 
ic and liaving the term sulpho jn-efixt^d. For the second, no 
fixed rule seems to hate been laid down. The German che- 
mist tvho discovered one of tlu^ two acids whose composition 
lias been asccntaiiuMl witli sufficient a(*eiiracy to enable ns with 
certainty to place tlieiii und(‘r this lu^ad, gave to it the name 
of benzosulphune, tvbilc tlui other acid still retains the a])]>el- 
lation ot sulplioiiajnhalic, whictli it received when its composi- 
don and ])rf)])erti(\s were still supposed lobe analagous to thosv) 
ofthesulphoviiiie andother acids which belongto the fii*st class. 
The acids desciibedin this article, if the view given of its com- 
position be correc.t,*iiuist be considered as belonging to a divi- 
sion of the second class bitbcito iJnoccn])i(‘d, unless by the 
sulphindigotic acid of Berzelius. In tins hemlosulphime, as 
in the other acids of this class, there is present one atom of an 
oxacid ol sulphur modified by an atom of organic matter winch 
does uot, as in the first class, act as a base, or diminish the 
saturating power of tlie acid. If, therefore, we should adopt 
the noinenelature of the German chemists, with tlu' change of 
sul])lmric into byposulyduine as necessary to designate with 
precision the acid of sul])liur in <piestion, for the acids of the 
second class, calling them benzobyposulphuiic and na])tba- 
lohvposuljdmric ; and applying the same idea to tlie acid 
described in this article, name it heinhdiyposulpliuric, the ends 
to be attained in for uing a nomenclature would perhay»s be as 
well answered as is jiracticable, without di‘parting too widely 
from ostiiblished Vustoin. 

llemlosulphuric acid possesses a sour taste %id ^ncculiar 
odor. It does not appear suscejitiblc of crystallization, (ither 
when free or i?s far as 1 have examined its coiii))ounds, when 
combined with bases. The salts yvhitii it forms with potash 
lime and barytes h‘ave in the mouth a decided and long con- 
tinued impression of swH!etiiess, Though extremely soluble 
they are not deliquescent. If thchemlosulphate of ban tes be 
kept for a length of time at a temj)eraturc between 500'^’ and 
600"^, the sulphate of barytes and organic nuitior of w^hich it is 
composed separate, the latter in the shape of a resinous j»ow- 
der insoluble in water, tliongh soluble in alcohol and ether. 
Tliis seems a singular instance *of a body very soluble in 
water, aflbrding by the mere sepinration of its constituents, twro 
others eminently insoluble in that liquid. 
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III the resinous yellow mass into which the greater pan of 
the hemlock of oil. is converted by the action of tlie sulphuric 
acid, there present a yellow oil which contains snl])huric 
acid combined with it in a neutralized state. 11 v the action of 
t'tlier, this oil may be dissolved, and by subsequent evaporation, 
deposited, but when thus obtained it is contiiniinated by so 
much vesin that though the presence of sulphuric acid may be 
ascertained, it i.s impossible to determine the atomic com- 
position.* 

From the reaction of suljihurie acid, with oil of turpmitine, 
nothing more ap})ears to be produced than areci}>rocal decom- 
position ; though a different n'sult might have been anticipati^d 
from thii close analogy which appears to exist betwet‘n tins 
essential oil mid that of hemlock. Caoutclionchiiie, however, 
reacts with sulpliuric acid in a inaiimT quite aualagous to the 
oil of hemlock, giving rise to a yellow resin ami an acid com- 
])ound of sulpliuric aciil and organic matter, which forms solu- 
l)le salts with lead and barytes. An oil, however, se.p;irat(*s 
and floats on top, which apjiears insiisciq)til)le of farther attack 
from tlie acid. 


H. Results of Experiments on the Vibrations of Pendu^ 
hnns^ with different suspending springs ; being the substance 
a paper by W. J. Fkodsiiam, F. 11. S., read before the 
Royal Society^ June 21, 18118. Forwarded for insertion 
in this Journal. 

Tlie exijerimenis of which I am about to give an account, and 
from which 1 ])ropose to draw some practical conclusions, were 
undertaken with a view to detennine whether some particular 
condition of the suspending spring of th(5 pmiduluin, with 
respect either to its length, its strength, or both, might not 
cause it, with a lighter maintaining power to produce a given 
arc of vibration, or, with a given maintaining power, topniduce 
a greater arc of vibration than any other ; and at^thc same time 
to ascertain whether some practical means might not be devised 
for making unequal arcs of vibration in the ordinaryqicndulum, 
correspond to equal intervals of time. 

My attention was drawn to the subject many years ago, when 
having replaced the spring of a turret-clock by a stronger one, 
I found the arc of vibration materially altered. 


« It is well known that by the reaction between choucliydrio acid and pure 
oil of turpentine, two species of artificial camphor are generated, one solid, 
the other liquid. Having obtained both of these compounds a few years since. 
Dr. Hare subjected tlie oil of hemlock to chtorohydric acid by the ^ .e 
process, but could not thus obtain any concrete camphor. That wlii^'.i be 
did obtain was analogous to the liquid artificial camphor aborc mentioned. 
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Having often reflected upon the subject, I at length resolved 
to make some experiments to satisfy my imnd ^specting it ; 
and 1 accordingly had ‘made for the purpose a lenticular pen- 
dulum bob of about fourteen pounds weight, a cvlindrical rod 
passing through it, with a nut working on a screw at the lower 
end, and supporting the bob. • 

ITic upper end of the rod was slit to receive the spring ; and 
the* spring and the rod were attached to eacli other by a pin 
passing througli a hole in both. 

Ibit before fixing the ])in, what T call an isochronal piece 
was slid over the t(jp of the rod, and if this j>ait of tin* ap])a- 
ratnshad served only to attach the rod and spring more firmly 
together, and prevent any w^avering motion of the pcmdnlmn, 
it would have ivndenid an imjK)rtint service. Tljis, liowevir, 
was hut a secondary and iiichh'iital t ‘fleet of its a])plic*ation. 

llui piece, whiclrJ have so named, is a brass tube jil)ont live 
inelies long, fitting tlie pendulum rod \ery nicely, liud slit to 
fonii a spring for about an ineh at the bottom, so as to slide 
rather stifliy on the rod. At the ujjper (*nd of the tube is a 
clip^ which is made to embrace the suspending spring finuly 
by means of two screws ; so that after the pendnlum has been 
brought to the propc'V length by the adjusting nut at the lower 
cud of the rod, the length of tlu* acting ])avt of the suspending 
spring may be varied at ])leasure, without in the least altering 
the length of the pendulum, by mev(*ly sliding Xhv. isochronal 
piece up- or down the rod, and tightening the screws of the 
clip. 

I also provided five springs of din’erent degrees of strength, 
and a sillum string, by which, in the first exporimciits, the 
pendulum was sus|ji?lidi*d. 

The pomluluiu used was an unconipensatod one, but in eacli 
experiment it was adjusted to nearly tlio ]jrojiR'r length for 
mean time. • 

Commencing with the silken thread, or rather t\vo parallel 
threads, one behind tlic other, I suspended the pindulum 
within the case of a clock, perfectly detached from the works, 
no maintaining power being applied. 

Each dogToe of the scale on which the arcs of vibration 
were noted, was nearly ‘8 of an inch in length, and a degree 
was sub-dividc<i into twenty equal parts. 

I drew the bob aside 2“, and leaving it to vibrate by its own 
gravity, I found the arc of vibration was reduced Irom 2° to P 

and from 1° to in tlie times noted as under. ’ 

• 

Arc of vibration from 2° to 1° in 20m. 15s. 

Do. do. 1 to 23 6 
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On repeating the experiment, die results were : — 

Arc of vibration from 2® to I '^in 21 in. Os, 

Do, do. 1 to J 24 0 

Drawing the peiiduhini aside P, I found from live succes- 
sive trials that the aic of vibration was reduced to half a degree 
in the times following : — 

From to in 21 in. 458. 


Do. 

do. 

22 

45 

Do. 

do. 

22 

0 

Do. 

do. 

22 

ao 

Do. 

do. 

23 

0 

Mean, 

- 

22 

2P 


Th(3 mean of the two i)rcccding com^spoTiding results is 
23m. 12s. 'Hie difl’evcnco may be satisliu'tovily accounted li)r, 
by the difficulty of sirttiug off* the ]K*n(luIum at the precise 
point intended, and of noting the liiju' when the are is di- 
minished to the ])V()}>osed (piantily. 

it is apparent from these oxjMuiiiients, that wlieu a poiidii- 
lum is freely suspended, and lc*ft to vibrate from its own 
gravity, the arc of vibration is soomu* redueed Irom 2" to 1 
than from P to as might indeed be antic ipated from tbu 
increased resistance cxjiericmccd by the bob, wliihj moving 
through a greater sjiace in the same time. 

T attached the pendulum, suspended a^Majforo, to a clock, 
with a maintaining power of 61b. 8oz., l)ut the clock .sto]»ped 
in 39 minutes j and setting it off* again, it stopjied in 43 mi- 
nutes; but orf applying a weight of 6lb. llc^z., tlie clock con- 
tinued to' go; thus showing that a weight of (Ub. lloz, w’^as 
sufficient to keep the pendulum in vibi^ution, while one only 
3oz. lighter was not. 

The arcs of vibration in the preceding experiufents being 
smaller than is dt?sirable in practice?, I proceede^l to experi- 
ment with heavier weights, the pendulum being still suspended 
by the parallel silk threads, noting in eacli case the arc of 
vibration and the rate of the clock, viz., its gain or loss in 
24 hours. 

Ill the following cxperi^ients each succeeding pair is to he 
considered as giving the rosidts for tw^o consecutive days, 
though more than one day occasionally elapsed between the 
times at which the sets w^erc taken. 
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Weight. 

Arc of Vibration, 

Rate. 

14 

Ooz. 

2’ 

3, 

9s 

.0 : 

8 

0 

1 

30 

+ Of 

.7, 

141b. 

6 

go 

3 

— 10 

.0 ’ 

8 

0 

1 

30 

0 

•o: 

11 

2 1 

1 

45 

— 7 

.0 ’ 

8 

0 

1 

30 

+ 1 

.0 ; 

19 

0 . . 

. . 2 

15 

— 13 

.ol 


It hence appears, that wht'n a pendulum is suspended by a 
tlexitde slrinfj, a heavier weight and a consequent greater arc 
of vibration, causes the clock to lose. 


The following are the dimensions of the springs which were 


experimented with : 
Number- 

Hreadlli 

Thickness.. 

1 

*350 inch 

■001 inch. 

2 

■300 

•002 

8 

•305 . 

•003 

4 

*305 

•004 

5 

■400 

•035 


The pendulum being suspended by the weakest string, No- 
1, the times were noted as before, in which the arcs of vibra- 
tion were reduced from 2 '' to l^, imd from to no main- 
taining power being a])plicd. 

Are reduced from 2^ to P in Ih. 58m. 

Do. do. 1 57 

Do. 1 to ^ 2 8 

Do. do. 2 10 ^ 

With the same spiling, and a maintaining power of 411). loz. 
and 21b. 2oz., the following arcs of vibration and rate of the 
<-lock resulted fi'om two consecutive days, the efleclive length 
of the spring being ’02 inches. 

Weiffht. Arc. Kate. 

4\h. loz. 2^ 3' - 9s. 6 

2 2 1 30 - 6 1 

The pendulum being suspended with spring No. 2, and 
clipped at '92 inch, Witliout insiintaiiiing power, the arcs of 
vibration were mluccd as follows : — 

From 2’ to 1'^ in 2h. 20m, Os. 

Do. 2 — 1 — 2 20 44 

Do. 1 — i — 2 20 0 

Do. 1 — i — 2 26 0 

Applying 41b. loz. and 21b. 2oz. in succession, as a main- 
taining power, I found as under : — 
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Weight. Arc of Tibration. Rate. 

4lb. lo\ 2^ 9' —Os. *2 

2 2 1 30 , +2 ’5 

With spring No. 3, and effective length 'OS inch, the follow- 
ing results were obtained oti two consecutive days : — 

Weight. Arc. Rate. 

41b. loz. 2” 15' _2s. -5 

2 2 1 30 —2 -8 

Reducing the effective length of tlie spring to ‘8 inch, tlio 
following results were obtained on consecutive days : — 

Weight. Arc. Rate. 

411). loz. 2"^ 9' Os. •() 1 

2 2 1 30 0 0 J 

4 1 2 9 -0 ‘51 

2 2 1 30 ^0 -2} 

4 1 2 9 —0 *23 

Hence, with either of these lengths of this spring, the rate 
does not appear to be percejitihly in/lueuci‘d by the extent of 
the ju*cs of vibration. In fact, the >ibr;Uions t)f the j)entlnbun 
may, for all practb’al purj>o.ses, be considered asisoebrotioiis. 

The ellective length of the spring was then iiicri'aseil to *92 
inch, and the following results Wi*re noted, without inaintuiniug 
power : — 


Arc 

rcfluced from 2 ’ to 1"' 

in 2h. 

2Gm. 

Os. 

Do. 

do. 

2 

1 

2 

■25 

15 

Do. 

do. 

1 

h 

o 

37 

0 

Do. 

do. 

1 

0 

2 

36 

40 


On throe other occasions, witli tin; same spring, and 
eflective length *92 inch, the follov^iIlg comparative results 
w’ore obtained : — 


*^'Wcight. Arc. Rato 


4lb. loz. 

20 

15 

— 4s. 

•Of 

2 2 

1 

39 

— 4 

-2$ 

4 1 

2 

15 

— 5 

■Of 

2 2 

] 

39 

— 5 

•2S 

4 1 

2 

15 

— 5 

•Of 

4 1 

2 

15 

— 5 

oS 


Shewing that even with different lengths of this spring, 
the vibration may be considered as isochronous, with consider- 
ably different arcs of vibration ; and also that with this spring, 
a gi'cater arc of vibration is produced w ith the same niaiiitaiii- 
ing power, than with any other 8j>riiig that has been tried. 

Spring No. 4 was next applied without maintaining power. 
VoL. IV. — No. 22, March, 1810. C c 
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With it the arc of vibration was from . 


T to P in 

Ih. 

i7m. 

do. ‘ 

1 

48 

do. 

1 

50 

r- to 

1 

54 

do. 

1 

55 

do. 

1 

68 

do. 

2 

0 


Applying maintaining power of 41b. loz. and 2lb. 2oz. res- 
pectively, with *07 inch efleciive length the following results 
were noted : — 

Weight. Arc. Rate. 

41b. loz. 2' 6' — 2s. *2 

2 2 1 30 1-2 

Even with this cqniparatively stiff spring, the arc of vibration 
is greater with a maintaining power of 4lb.. loz. than it was 
with 141b. (>oz., when the pendulum was suspended by two 
pai’allel silk threads. But the rate appears to vary more with 
the arc of vibration, than it did when No. 3 was used. 

lleducing the length of this spring to '06 inch, the following 
results were obtained : — < 

Weight. Arc. Hate, 

411). loz. 2^ 8' _l4s. -1 

2 2 1 27 —11 -5 

Sliding up the isochronal piece still fiu*tlier, till the length 
of the clVective jjart of the spring was reduced to '50 inch, the 
following were the results: — 

Weight. “ , Arc. Rate, 

41b, loz. r 3' —.18s. '0 

2 2^ 1 12 —14 '5 

This further shortening of the spring appears to hti 'c had a 
perceptible effect on the arc of vibration, when the lighter 
weight w^as applied. 

1 lastly attached the strongest spring, No. 5, and with 
effective lehgtli I'O inch. 

Weig’it. Rate> 

41b. ISoz. —15s. -5 

2 10 —13 *5 

Reducing the length of tliis spring to *8, the ibllowing 
results were obtained : 

Weight. Rate. . 

Olh. 3oz: — 14s. '6 

2 10 —12 *4 
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Sliding up isoclivonal piece still farther, till the length 
of the efiecfr,ve paVt ‘of the spring was reduced to ‘50 inch the 
following were the results : ' 

Wei^jht. Rate. 

4lb. 13oz, — l*2s. -0 

,• 2 10 ~ 8 ‘2 

The lighter weight, 21b- 2i)z. enijdoyod on experimenting 
with the wcalvcr siirings, was found iii.sufJicieiit to keep the 
pendiiluiii ill vibration with No.’5; 211). lOoz- was found 
ade(juatc to the purpose, aiid it was therefore employed. 

In exj)criiuciUing witli this spring, the ares of vibration wt*re 
not noted, asT found that both it and Xo. i were too strong 
for the weight of the bob J was iLsing, and to which the experi- 
ments indicate that No. 3 Wits excidleiitly ada])ted. 

The arc of vibration with tin; spring, X'o. il, (\ iz. 2"* If/) using 
a weight of 4lb. luz, re(piired lOib. weight to ])rodiiee it wlien 
the pendulum was suspended by the silken threads, 

it appears then, from the preceding (experiments ou suspcmcl* 
ing springs diilering in lengtli and smuigth, that then' is one 
which, with a given maintaining power, ])ro(lue{‘s a gnuiter are 
of vibration tlnui otliers, iuid gives the same arc of \ ibration with 
a smaller mailitainiug power; and, fnvtluu*, that with thin same 
siJring Ae vibrations may, in point of linns be iill eonsid(ir<‘(l as 
isochronous, whether the arcs are hirg»^ or small. And with 
the aid of the isochronal piece, a .spring of tlie proper leii{^th 
and thickness may easily be, selected ij) a very r(‘w trials. 

It may bo noticed too, that unless this ])endnhim is first 
isochronizad by some such method as that which has Ix'im 
pointed out, anomalies may be imputed v.*"" imperfect compcn- 
ml ion, wliich have their origin in a vi'iy dilfereiit source. 

In fine, it may 1)0 stated in conclusion, that if the pemdnhuns 
of astronpmical clocks were furnished witli wliat 1 havi^ called 
an isocfironal piec(‘, any person possc'-ssing a few sjirings of 
difTcrciit degrees of strength, may with very IHtle difficulty 
determine wliat spring is liest adapted to the weight of tJll^ 
pendulum, and also what part of tlie spring may be most 
advantageously employed in action ; ami 1 sliull not think that 
the attention which Lhave gi\en to this sul»j('cthas been mis- 
s})out, if any thing that 1 have done may coutrihiite to the 
advancement of an art to which 1 have been professionally 
devoted during the whole of my life. 

London, March, 1839. 
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LII. Effects of Lightning vpon the packet ship^New York ; 

by Mr. Charles Rfcii, at tlie request of the Editors.* 

Upon iny first visit to Liver|3ool in May, 1827, the vessel in 
which I aiTived was nioorod in Prince’s dock along side the 
packet ship New York, Capt. Heiinett. This ship I rcpt‘ateclly 
visited, and indeed was obliged to cross lier deck to reach the 
wharf. Having been informed that she had been injured by 
lightning dining herpassagft, I examined her several times, and 
tlie following are the main facts that I remember. 

The ship sailed from New York in April, and on the tliird 
day out, bring the 19th, while inihe Gulf Stream, in hit. 38^ 9' 
N. and Ion. 91' 17' VV\, was stnick by lightning at about day- 
light in the morning. The passengers being still in tlicir 
berths, wore roiisei] by a heavy rejuut like that of a cannon 
close to their ears, and the cabin was filled with a dense smoke 
similing liki* siilplmr. It had been broad daylight, but was 
now almost dark as night. Rain fell in torrents — hail covered 
the deck; the lightning and thunder were almost simultaneous; 
the sea ran very high, and the water being at 74f> F, and the 
air at 48u, the copious evaporati(»n produced pillars of con- 
densed vapour reaching to the clouds. Tlie scene was one of 
teiTific sublimity. Some parts of the ship and spars wtnc for a 
moment on fire, but were quickly extinguished by the ndn. 

The fluid first struck her main royal mast, burst asunder 
three stout iron hoops with wiiieli it was bound, and shattered 
the mast head and cap. It j)assed down the mainmast, one 
branch enbired a ston‘-room and demolished the bulk beads 
and fillings ; iheiuc it w ent into the cabin, and conducted by a 
lead pii)e passed out through the ship’s side l)et^Yeell wind and 
w^ater, starting the ends of three five ineli planks. Uiuiug its 
progress it burst open the harness casks, shivereil to pieces the 
large looking glass in the ladies’ cabin, and being cbndiicted 
by the quicksilver on the back, it left tlie frame uniiijurcd ; it 
overtunied the piano forte, split into several jiicces the dining 
table, and' by its influence so highly magiuitized the chrono- 
meter as to render it dining that passage not trust-worthy. 
,Most of the watches wliicli w cue under the gentlemen’s jillows 
were so highly magnetized as to stop them, ami render it 
necessary to reiiu»ve idl the steel work, llie gentlemen them- 
selves were, without exception iminjmed, owing doubtless to 


* With additional facts selected by the editors from the full account pub- 
lished in Liverpool, May 13, 1837, and quoted in the New York Spectator, 
June 90, 1937— Ni’WiWkiw’y jQurnal 
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the non-coD(luct}ng properties of the beds upon wludi they 
were sleepii%. AN; the time the ship was struck, tlie lightihng 
conductor bad not been jHit up ; but il was immediately alter 
the. accident raised to the main- royal -mast head. 

The conductor consisted of an iron-cliain witli links one 
fourth ^of an inch thick and two feet long, turned into hooks 
at each end ; at the top it ended in an iron rod half an inch thick 
and four feet long, having a polished point and rising two feet 
above the mast head; the chain^ desr(»n(U‘d down over tlu*. 
quarter, and being pushed out from the ship’s side, about ten 
feet by an oar, descended a few loot below the suiiiice of the 
water. 

Near two o’clock, P. M. it was observed that only four 
seconds intervened between the lightning and tlie tluinder. 
At two o’clock th(we was a sinmltaneous flash and a shock liluj 
that in the morning ; ])asscngcrs in the cabin saw tin' aj)pear- 
anco of a ball of lire dartijig before tlnun while tie' glass in 
the round house came rattling down. To tliose on dec k the 
ship appeared to be in a blaze, so vi>idwas the flash which 
they saw distinctly darting down tlie conductor and agitating 
the water. All parts of the ship as before were fdlcd with 
smoke smelling of s\dphnr. Althoiigh the conduett)!* was of 
the size which Dr. Franklin thought suflicient to sustain the 
severest shock of lightning without iujtirv, yet it was literally 
toni to pieces and scattered to the winds, while it saved the 
ship. I’he pointed rod at the top of the. conductor being 
fused, was shortened .s(‘yeral inches and covered over with a 
dark coating; some of the links of the chain had been snapped 
off and others melted,^’ ^ 

The shock affected the polarity of all the compasses on 
board, causing them to vary from the Inu* point and to range 
between each other, but they giadually retuAied within three 
points tnitli. The chronometer of Caj)tain Ilennctt, the 
commander of the ship which did not usually vary more than 
three seconds in crossing the .Atlantic, was no^ fpiite out of 
time ; it bad gained for a considt»rablc period seven-tenths of 
a second (in ‘24 hours,) and being Om. 42s. slow of Gn^en- 
wich time when the vessel left New York, was found at 
Liverjiool to be 24m. 33s. fast of Greenwich, makuig a 
diffenmcc of 34m. 15s. 

ITu’cc gold lever watches belonging to gentlemen passengers 
became so magnetized as to require that tlie principle ])art of 


* It is said that the samethin^ once happened in a Datcli church in 
New York ; a chain connected with tlie clock waf melted and probibljr 
•aved the church. 
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the steel work should he removed. These p^s had becoim? 
true loadstones acting as magnets. It is iif our recollection 
also that in other accoimts published at tlie time it was stattKl 
that the knives and forks and other articles of steel and iron 
became magnetized. Uai)])ily no })erson was killed, although 
several were knocked down and more or less injured. , 

Remarks , — In consequence of receiving the notice^ com- 
municated by Mr. llich, we have been induced to republish 
the principal facts in the case of the packet shij) New York, 
although the events }ia]>pefted twelve years ago. ITie case 
was so remarkable, that tlie results ought to be preserved a» 
part of the permanent reconls of science. 

No case could more decisively ))rovc the importance of con- 
ductors. Had the ship been fiiriiished with tht^ iron eliain and 
rod at the moiiiciit of the first stroke it is almost certain that 
she would have (i.scap(>d with little or noiwjiiry. Had the top- 
mast which was then shivered (its stout iron bauds two or three 
inches broad and half an inch thick being hin*st asunder) 
been protected, there can be no doubt that the lightning 
would have shot down conductor, surt'd th(‘ mast, and 
passed hsirmlcssly into the sea. 'J’his was decisively i>roved in 
the second casi?, when tlie ship was again struck at two 
u clock, P. M. 

Her iron chain was tlien up, and the pointed iron rod 
ascended two feet above the highest to])mast. She ai)pears to 
have been enveloped in a condens<Ml electrical atiuospliere ; 
the clouds being so low that the flash and explosion were 
simultaneous ; and had there been no conductor, the second 
stroke, whicli appears to have been inoye powerliil than the 
first, might have priced fatal to many of those on board. The 
discharge w'hicli the conductor received seems to have been more 
than it was able to convey away ; hence some yf the peoplo 
were prostratiHl although not killed ; they were evidently 
affected mccliaiucally by the explosion, and electrically by tlie 
all-pervading electrical atmosphere, around, but uo). being made 
part of the chain of discharg<$ they escaped with little liarm. 
The conductor was melted at the top and glazed, doubtless 
with vitrified oxide, and die chain exploded in fragments all 
about the ship. This proves that die conductor, dthough it 
preserved the ship, was not perfect in construction or sufficient 
in size. 

Hooks and chains are objectionable because the continuity 
of communication is interrupted by the intervening films of 


* Of which a short accoan|||fj|^Jgi|^l^^ in this Journal, Vol. xxi, p. 341. 
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air. It were miiish better to adopt the rope made of twisted 
eopper wir<Sf It huight be made of any desired size, and 
having perfect continuity, there would* be no inU'rruption to 
the passage of the electricity. Being pi^rfectly flexible, it 
might easily be coiled and stowed away lihe any of the rig- 
ging, ajid it would adapt itself to iuiy ilexion t)f the spars and 
masts, * It should be terminated above by a solid poiuUul con- 
ductor of copper or iron. Such a prottxition as this wc c;in 
hardly doubt would prove sidficiciit, idthough in the case of 
very long ships it might be proper \o have more than one con- 
ductor, In steam sliips there is ati additicaial protection de- 
rived from their vast metallic apparatus which by its com- 
niunication with the water affords the best possible channel of 
discharge. 

It is true that some years ago an explosion occurred in 
Charleston harbour, in "the boiler of tl^e Savannah steam 
packet, from her being struck by lightning; caused possibly 
by the sudden expansion of the steam alroa«ly generated, or 
the sudden generation of more steam by the intense heat. In 
conversation with the late Mr. Samuel Howard in whose 
charge the boat was at the time, ho distinctly attributed the 
explosion to the lightning.* 

Ill the case of steam ships it may therefore be prudent to 
pass the conductor directly into the water and not to the 
boilers or other metallic apparatus ; although we should hardly 
expect any mischief, especially in the Atlantic steamers, 
whose amount of conducting surface is so prodigious. Every 
thing however goes to prove that all ships, especially ships 
for passengers w'here the risk of life m«y be great, should 
be provided with the best metallic conductors. 

Another fact which is remarkable in the case of the packet 
ship New Yofk, is the energetic magnetism that attended the 
lightninj; ; chronometers, common watches, and compass- 
needles being all (by tbe lightning) rendered erratic and dan- 
gerous guides, no longer to be relied on. We^ conceive tliat 
good conductors would probably prevent or greatly mitigate 
even these effects ; but as it may not be possible entirely to 
shun the effects of electricity, and as it is of the utmost impor* 
tance'that the compass-needle should always be correct, we 
venture to suggest a remedy. 

Let every ship be provided with a small calorimotor and the 
appendages of helix-wires, acids, &c. With this apparatus 
the needles could be instantly restored or new ones (uumag- 


► He was a {gentleman of uncommon intelligence and good judgment— Sbh. 
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netized and carried for the purpose) may be mameUzed with 
cert^ty and with all requisite energy and dispati^. Practical 
directions can easily be given if desired. 

New liaven, September 1839 .— -Eds. 


LIII. On a remarkable property of Electrical Tension ; By 
Christian Doppler, Professor of Mathematics at the 
Polytechnic Institute of Prague. From the Zeitschrift fur 
Pbysik, &c., VoL V, PaVt 342. Vimnay 1837* 

Marked and decided as has of late been, thanks to the 
researches of the first i»hilo8ophers of the day, our progress in 
all the branches of electrical science, and active as their 
endeavors have been to add further facts to those we are already 
in possession of with respect to the reciprocal action of electric 
currents on each dthcr or upon magnets, or, inversely, the 
influence of the latter on electrical currents, yet, we are never- 
theless, forced to confess, that the insight which wc have 
gained into the essential nature of this mysterious fluid, has 
by no means kept pace with our progress in other respects. 

And however remote our hope may be of seeing tiiis por- 
tion of natural science wwked out in the satisfactory manner 
that others have been, yet we cannot but assent to the impor- 
tance, and indeed the ultimate necessity, of entering upon the 
enquiry : and consequently, every elfort we make and every 
fact wc can adduce, tending, even indirectly, to further the 
investigation, is worthy of attention. 

Bearing this in mind, I do not hesitate to make known the 
results of an experiment, which, should its truth be borne out 
by subsequent observers, may possibly lead to inferences of 
some importance. 

Some years ago, on the occasion of my publishing an 
essay upon the kindred subject of the probable dbuSes of 
clcctriciU excitation,'*^ I was led to the conclusion, that 
wherever there is a case of electrical tension there must 
of necessity occur a change^in the shape of the electrified 
body ; and therefore, that on submitting a metal rod to such 
tension it must necessarily contract. To test the triith of 
this inference, the following experimentsf were instituted 
alternately. A brass tube of about three feet long, and like- 


• See Jahrbiicber des k. k- polytech s Institutes zu Wien. rol. 17. 

f They were performed at the Polytech ; Institute at Vienna, about five 
ycara with the aid of the Comparator^ on instrument admirably calculated 
for such delicate measurements. 
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wise a solid bar of similar lengthy but not near so thick as the 
former, was- laid \ipon insulating supports between the two 
feelers of a very sensitive arrangement- of levers of contact, 
being however kept out of contact with them, by the inser- 
tion of strips o( glass of suitable thickness. 

Now^imnicdiately on receiving even a moderate eliarge of 
electridity, the index of the lever of contact began to move 
perceptibly, and to indicate that a gradual contraction of the 
bar was taking place, and this motion augmented so rapidly 
as the tension increased that, in 'brder to enable the eye to 
follow the range of the index with greater facility, it became 
necessary to substitute a simple lever of (‘.ontact, for the com- 
pound one which was at first employed. Kvery lime the elec- 
tric spark was drawn from the bar, or ever)’ time that it 
spontaneously discharged itself, the instantaneous recoil of 
the index of the lever, indicated the restoration of the original 
length of the metal ; from which, how^ever, tliere was again 
a transition to contraction, immediately the state of tension 
w'as renewed. 

These exptM'Inients were repeated several times, and always 
with the same results, with however this difference, namely, 
that the contraction when the tube was employed was, pro- 
bably on account of its greater extent of surface, much more 
marked than when the bar w’as used, 'riiese results are the 
more surprising, inasmuch as on account of the gradual in- 
crease of temperature, (for in those preliminary experiments, 
a single [lair of galvanic elements was also used,) we should 
rather have looked for an expansion of the metal. 

Now, though at the time of performing these experiments, I 
had reason to rest satisfied with having corRpletely cstahUshod 
what I had in view ; yet, I now feel convinced from having 
subsequently .^thought the subject over, that* the results then 
obtaine(j« bear out certain inferences not perhaps altogether 
unimportant rcvspecting the constitution and actual nature of 
the electric fluid. Nothing but the idea however, that this 
problematic phenomenon may looked on by other experi- 
menters as of sufficient importance, to have its existence 
completely established or disproved, by a repetition of rny 
experiment, could induce mo to lay it thus before the public, 
in a state so imperfect in many respects. And though for 
the present, that is to say, till it is established as an indis- 
putable fact, I very properly refrain from expressing an 
opinion on the subject ; yet I trust I may be permitted to 
subjoin a remark or two, and to allude, in passing, to an appli- 
cation of which, this new property of electrical tension is 
perhaps susceptible^ 
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Simply putting this property of electrical tension beyond a 
doubt by careful and accurate experiments, 'would certainly — 
as far as it went, be a^tep in science ; but the subject would 
gain additional interest, if in the investigation regard, was at 
the same time, paid not only to the length, but also to the shape 
and other qualities of the conductor, semi-conductor, jor non- 
conductor. For in point of fact, it is by no means improbable 
that a contraction which is considerable enough to be measured 
and expressed in numbers, will turn out to be proportional to 
the length of bars of similai^ form, but that its amount will vary 
with the different metals employed. And this result may be 
especially anticipated in the case of such metals as indicate 
opposite states of electricity, as for instance, copper and zinc. 
It would, in fine, be well to enquire whether the same identi- 
cal bar charged to an equal amount of tension, as indicated 
by the elcctroractory first })Ositivcly and then negatively, would 
indicate precisely the same amount of contraction. 

Now should this power of electrical tension to contract 
metal rods so considerably (a fact of which, as matters now 
now stand, I cannot entertain a doubt,) be really borne out 
by further experiments; the idea of having recourse to it 
for the construction of an electrometer on a new principle, 
suggests itself readily enough. Without entering into a 
discussion as to the best Jirrangcmeut for such an instrument, 
I may be permitted to observe that probably .any thin strip of 
metal, one of whose sides is covereef with an elastic non-con- 
ductor ; as for instance, a coat of elastic varnish, would, on 
being coiled up into a conical spiral, probably answer the 
purpose very well. One of its ends would have to carry an 
index, as is the with a metalic thermometer, or w ould be 
made to communicate its motion to a lever. 

The amount cf contraction thus placed at our disposal and 
which, all things considered, is by no means incons’^^erable, 
justifies the presumption that such an arrangement would 
furnish us wit!i a very sensitive electrometer. 

It w ill not perhaps be thought two much if in concluding 
this short 'communication, 1 express the hope that other 
observers will consider this phenomenon w'orthy of furtlier 
notice and examination. 

JULIAN GUGGSWOKTH. 

Wormwood Scrubs, 18th April, 1839. 
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LIV *^ — On the f ^indicating Electricity of Compact Solid 
Ifisulaling Strata.'^' 

The first phenomena that have "been observed with 
regard to the vindicating electricity of compact insulating 
strata, were those, a notice of which was sent by the father 
Jesuits ^at Pekin, to the academy of St. Petersburg, in the 
year 17*55, and which may be read in the 7th volume of the 
nevr commentaries of this academy. Signor Syinmev in his 
third Memorial, which was read ^ in the Uoyal Society of 
London, the 20th of December, 1750, says he charged two 
thin sheets of glass, joined together by tlieir naked surfaces, 
and externally coated ; when the charge was completed, he 
took the upper plate, by two of its anghvs, and when he 
raised it, he saw that the under plate htuck to it, and re- 
mained suspended to it ; when lie had discharged the plates, 
the adhesion ceased. He recharged the two plates, then 
having inverted tliern when thus united, he made the plate 
that communicated at first with the chain, communicate now 
with the ground, and tliat wliich communicated with the 
ground, communicate with the chain ; when he found that 
after the elect rizalion had, in tliis state of things, been 
<'ontinued a certain time, all adhesion ceased. Using after- 
w’ards two plates coated on both their contiguous surfaces, ho 
found that no adhesion took place. Signor Symmer makes 
use of these two experiments in order to <*onfute the theory 
advanced by certain jjhilosophevs, of two elc(*tric fluids, the 
one otJfnent^ the otlier effluent ; he pretends that each of the 
tw^o distinct united glasses may be considered as the one of 
the surfaces of a single plate ; that one the glasses is im- 
pregnated wdth an electricity of one kind, and the other glass 
with an electricdly of another kind; he moreover is of opinion 
that the adhesion of the two naked plates of glass is a dc- 
monstnU^^g proof of the existence of two antagonist forces. 

Signor Cigna, in the fourth chapter of liis dissertation, 
carried still farther the experiment of the fatlid'rs of Pekin, 
and of Signor Symmer. He relates that two naked glasses, 
by rubbing the upper surface of them, remained united, both 
to each other, and to the gilt paper, or the slicet of lead, on 
which they were placed ; that in this state they gave no sign 
of electricity ; that if they were then separated from the 
paper, or the lead, they manifested on their two external 
surfaces the same kinds of electricity ; that if the paper or 
lead was again joined to the glasses, the electric signs again 
ceased ; that if the paper, or lead, was kept parted from the 
glasses by means of a silk ribbon, the paper or lead manifested 
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an electricity contrary to that of the gLjsses ; that if the 
glasses were likewise kept separated from each^other, they 
also manifest contrary* electricities. 

I do not propose to repeat all the numerous experi- 
ments which I related in my book intitled, Observationes 
atque experimenia quibus electricitas vinctex late con 9 {ituitor 
et explicatur. I am actually employed in promoting my 
enquiries on this subject, and if I meet with some success, 
I propose to publish w hat ^discoveries I shall he able to make. 
Mean while I shall only repeat in this place, the experiment 
which is made with the two plates, A B, n 6, M N, m w, 
(PI. IX. fig. 1.) jointly charged, and I shall express the 
successive effects of the vindicating electricity in this experi- 
ment with the figure 2. 

And first, in order to perceive the unity which really 
takes place in all phenomena of the vindicating electricity, 
however contrary to each other some of them may appear, it 
must be observed, I. That the law of the vindicating elec- 
tricity of compact insulating strata, for instance, plates of 
crystal, is the same with the law of the vindicating electricity 
of rare insulating bodies, for instance, silk ribbons."^ II. That 
the whole specific difference between them lies in the former 
being capable of a charge, which the lattt^r are not. III. 
Thence it results that the alterations of electricities, which 
are readily affected with bodies of a rare texture, by disjoining 
and rejoining them, and not so with compact insulating strata ; 
such alterations arc confined to those surfaces of the latter 
which are kept joined together by the contrary electricities 
of the other two., surfaces, which constantly endeavour to 
preserve their contrariety to each others and their equality 
with the electricity of the surfaces which are united together. 

For instance,' I. Two ribbons contrarily electrified, when 
they unite together, reciprocally destroy their elet^tricities, 
and thus remain adherent. After the same manner, if two plates 
A B a M®N W7?,, arc joined by their respective surfaces, 
a M N; contrarily electrified (I suppose the surface A B 
to be positively electrified, and the opposite a &, negatively ; 
therefore M ri is positively electrified, m n, negatively) 
tliese two contrary electricities wull endeavour to destroy each 
other ; the redundant fire in M N will endeavour to diffuse 
itself into a and fill up its deficiency ; but this reciprocal 
suppression of electricities cannot be effected otherwise than 
by a joint annihilation of the excess in A B, and of tli© 
deficiency in m n ; therefore, in consequence of the impene- 
trablility of the plates, some external communication becomes 
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necessary ; and Ais will no sooner be procured, than the 
excess of ISfc N wM diffuse itself into a ft, when the olectrieitv 
of the two surfaces a ft, M N, will be aunihilated after the 
same manner as the electricities of the two ribbons were 
before. 

Again, the two ribbons, when they are separating, freely 
recover their electricity, which they had readily lost jvhon they 
joined ; and in the same manner, the two plates M N m n 
A B a ft, ill the instant they are separating, endeavor to 
recover on their surfaces a ft, M N, the electricity they have 
lost in consequence of their union together, and of tlie com- 
munication of their external surfaces. \'ct it is to be 
observed that the surface M N, in its endeavor to recover 
its excess, is restrained by the difli< ulty which the insulated 
opposed surface m w, experiences in dismissing an adequate 
part of its own iSrc ; and tlie surface a ft liKinvise, in its endea- 
vour to recover its deficiency, is restiained by the <lilliculty 
which the opposite surface A B experiences in" recovering uii 
adequate cxc(*ss ; whence it happens that the two <li.sjoine(I 
plates, — I. Manifest electricities reciprocally contrary ; H, 
Similar electricities take place over the two opposite surfaces 
of the same plate ; III. And this electricity is of the same 
kind as that recovered by the disjoined surface. 

The reason is, that in disjoining the two surfai‘es, a ft M N, 
I. The the surface M N, ,by endeavouring to recover its 
former excess, endeavors at the same time to drive away a 
quantity of natural fire from the opposed surface ?a w. Now, 
as the latter remains insulated, it cannot transfuse any fire 
into the ground, neither can it accumulate any wiUiiu its coat- 
ing c (1 ; \t therefore must accumulate it oii the open surface 
of this coating, against the contiguous air : so that there will 
result an excessive tension in the natural firo of the ambient 
air, and^a redundant atmosphere around m it, IL Likewise, 
in thc“'act of the same separation, the surface a ft, in endea- 
vouring to resume its former dcfficieiicy, drawsy acc,ording to 
the Frankliiiian theory, certain quantity of redundant fire, 
to the opposite surface A B : now, as this surface remains 
insulated, it cannot derive this fire from the ground, neith^ 
can it draw it from the internal substance of its own coating ; 
it must then draw it from the outer surface of this coating, 
Aat is, from the surface of the contiguous air (if before se- 
parating the plates, the coatmgs are taken off, the experiment 
will equally succeed), llicrefore, a particular relaxation 
will arise in the natural fire 'of the air around the plate A B; 
there will result a deficient atmosphere. 

This explanation how the atmospheres arise, which take 
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{ )lace over the surfaces opposite to those which are disjoining, 
ikewise suffices to explain the singular circirfnstaiice of similar 
electricities arising over opposite surfaces of the same plates. 
If while the two plates Ai3a6, MNmii are separating, two 
sharp points are kept presented to their extenial surfaces, the 
brusji appears on the point directed to A B, and the ^ star on 
the other, which is directed to mn: the same force* which, 
when the points are presenting, draws a brush to A B, and 
drives the fire that forms another brush from m w, this same 
cause I say, when these surfaces remain insulated, draws 
to A B the natural fire of the contiguous air, creating a 
deficient atmosphere over it, and throws excessive fire from 
n into the air contiguous to it, raising in it a rodundano 
atmosphere. 

That afterwards, over the external surfaces correspondent 
to a M N, when ,thcy are separating, atrnosplieres arise that 
are homologous to the electricity which these .surfaces recover, 
is wJiat appears natural, when wo consider, that the latter 
surfaces resume^ by virtue of their separation^ greater 
electricities than those which can possibly be raised on the 
opposite surfaces^ which are insulated. This principle being 
admitted, it follows that if the surface M N, cannot drive 
from the opposite surface mn^ a quantity of fire sufficient to 
produce in it a deficient^ equal to the excess recovered by the 
same M N, it follows, I say, that p. portion of this excess 
must flow outward, against the contiguous air, and there pro- 
duce a a redundant atmosphere. Likewise, if the Surface 
A B cannot draw to itself a quantity of fire sufficient to produce 
in it an excess equal to the deficiency recovered by a by it 
follows that this A'^B must, from the air contiguous to it, draw 
a certain quantity of fire, and thus produce a deficient atmos-* 
phere over itself* That is to say, the excess redundant in, 
and flowing of, N M, against the air contiguous to it, jpso/acto 
lessens the excess in this M N, and thus brings it ha state 
of less inequality with respect to the deficiency actuated in 
m n; and ^the fire which from the contiguous air flow's into 
A B, ipso facto lessens the deficiency in it, and thus brings 
4 to a state of less linequality with regard to the excess in a b. 

These explanations of the vindicating electricities of two 
plates, may be demonstrated by the experiment in which, 
after jointly charging and discharging them, I continue for an 
hour and more to obtain sparks by touching them when scpar-> 
ated, and again touching them when rejoined; and reciprocally, 
the above explanations throw a complete light on that same 
experiment, which I never could repeat without exciting the 
wonder of those who w^ere unacquainted with eleetrioal 
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operations, and attracting the attention of the Plulosophera 
who came my experiments. 1 join the two plates 

A B a 6, M N m n together, by their naked surfaces in 
contact with each other ; and then introduce into tho coating 
(J D, for instance, the electricity of the chain ; the charge 
completed, I discharge tliem ; this clone, I separate them, and 
touch rfm coatings; Ijoin them again, and then again touch 
them ; and thus doing, I continue to excite a very long series 
of sparks : here follows the manner after which roperate. 

1 begin with exciting sparks frofti the coating alone of tho 
upper plate ; that is to say — I. I continually touch with one 
of my fingers the under coaling c d. 11. When I separate 
the plate A B, 1 take care not to touch its coating V I). 
III. Having separated this plate, 1 imniediatoly touch it, and 
give a spark to it ; that is to say, 1 give to A H an excess 
adequate to the deliciency contriu.ted l)y at the instant of 
the separation. IV. 1 cease touching A B; I rejoin the two 
plates, and again C I), and draw sparks from it; hy 

moans of wlu(*li 1 draw ott* the cxce.Ns 1 communicated to 
A B after the hiat separation, and uliich it docs no longer 
require, wlicn in a state of conjniiclion. V, rroceoding thus, 
with the usual caution, not to touch the coatings in tho act of 
separating, or of rejoining the plates, 1 conLinue to givq sparks 
after every scparatiou, and lake tliciii back after rejoining tlie 
plates. 

In general the spark which 1 draw after rejoining the plates, 
is more divhled tiian that which I gave after separating them. 
In very favourable weather, after separating tho plat(*s, I 
often draw two or more successive sparks ; but after re- 
joining them, the fire that leaps from iny finger is completely 
united into one spark, and much more vivid. 

In order to understand the reason of thii^ difference, \vc 
must consider — 1. That the fire vvhicli Hies from a A, in con- 
sequence of the deficiency whicli now takes place in it, goes 
to M N in order to form the excess which this M N wants ; 
therefore as an excess arises in A B, in conscqucpee of my 
touching it at times, so a deiicien(*y arises in m n, in consc^ 
quence of its constant communication with my hand. IL 
When 1 rejoin tlie two plates, the excess I have introduced 
into A B cannot be annihilated but so far as the excess in 
M N runs to fill the deficiency in a A ; and the excess in M N 
does not depart, but when 1 give fire to m /<, in order to fill 
its deficiency. 111. In faert, if, while I rejoin the plates, 1 
keep my fingers at a distancA from m n (or its coating c d) 
then 1 cannot draw from A B the excess I introduced into it ; 
because as 1 do not then fill the deficiency in m «, the excess 
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cannot be annihilated in M nor the deficiency in a 6 sup*- 

5 lied. IV. However, when I touch mff (or#rf) while I 
rejoin the plates, the excess of A B is not for all that thrown 
out at once, because the surfaces a 6 M N, do not instanta* 
neously touch each other in all their parts ; hence a slowness 
and successiveness take place in all the respective anniMlations 
of the excess in M N, of the deficiency in a 6, anSl of the 
excess in- AB. V. But when after separating the plates I 
present my finger to C D, or ( A B) the excess is at once 
thrown to it from my finger, owing to the violence which the 
whole A B then wants an excess adequate to the deficiency 
then completely formed in a b. 

Conformably to what has been said above, we must take 
care that every time that the plates are joined, they be 
pressed together for some few seconds of time, in order that 
the small charges which have been formed by the separation, 
may have time both to dissipate entirely, and to arise again 
with more strength, when the separation will be again effected. 

1. If after touching the plates when rejoined, they are 
again disjoined without drawing a spark, and then rejoined no 
spark will be thi’own from A B, because it has in such case, 
received no fire. II. If after touching the plates wlien sepa- 
rated, they are rejoined, then disjoined again, without pre- 
viously drawing a spark, A B then receives no spark, because 
it has given none at the time of its last joining with the other 
plate ; so true it is that insulating bodies conlrarily electric 
Jiedy are disposed, when they join together mutually to aunt-- 
hilaie their reciprocal electricities, as welt as to recover them 
again, when they are separated, 

I have hithertoV in the experiment of the two plates, only 
examined tliat kind of electricity which is common both to 
compact insulating bodies, and to those of a rarer texture : I 
mean that kind of electricity, by virtue of which theyrecovor, 
when separated, the electricity which they had lost^by their 
being joined together, and which I call positive vindicating 
electricity. Now, 1 shall in the same experiment, examine 
that kind of vindicating electricity w hich is proper to compact 
insulating bodies, ^and by virtue of which, when they are 
separating from one another, they give up the electricity 
with which they had been impregnated ; this 1 call negative 
vindicating electricity. 

Having therefore jointly charged the two plates Pl \i a I, 
M N m n, I begin the operation of successively disjoining and 
rejoining them : in order to effdbt this more easily, I clip one 
of the angles of one of the plates ; and then 1 Observe, I. 
That the plates, when they are disjoining, manifest signs of a 
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n^gatim electricity. II. They afterwards reach 

to the last Itaaits of this electricity. Ill/ Then successivolv 
follow, for a very long space of time, t» give signs of a posU 
iive vindicating electricity. That is to say, I. At first, the 
surfaces a 6, M N, wlien they are separating, lose a part of 
the eleetricity widi which they are impregnated. II. Then 
they reach a certain term at which they do not, notwithstand- 
ing they are again separated, lose any more of the eloctricily 
which remains in them, nor recover any portion of that which 
they gave up w^hen tlie negative vihdirating electricity began 
to act, or even afterwards when the positive vindicating elec 
tricity began to take place. 

In the meanwhile, the similarity of the atmospheres that 
take place over the two surfaces of the same plate, both when 
the positive vindicating electricity, and the negative one ob- 
tain, thougli it has been looked upon as fatal to the Frank- 
iinian theory, really proceeds from tlie following principle, 
which is the foundation of this theory, which is, that Ike C 072 - 
trury elect ncilits of plates^ which by virtue of the stparalum 
of the latter, are become unegual oh each opposite surface^ 
severally endeavour to return to a stateof rquality ; that is to 
say, that electricity on the one of (he two surfaces, which 
the separafiont has caused to have, grown less, endeavours to 
lessen the electricity on. the other surface; and vice versa, 
that electricity which, in consequence of the separation, is 
becotne superior to its opposite one, tends to increase the latter. 

Therefore, when 1 at first begin to separate the two plates 
A B a i, M N m n, the excess of M N and the deficiency of 
a b endeavour mutually to lessen each other ; but the other 
two surfaces A b, m n, being insulated, their respective excess 
and deficiency are not altered ; that is to say, the. excessive fire 
is, as it were, drawn from M N into a b ; the deficiency in a h, 
thus became Ifess than the excess in A B, and endeavours to 
lessen tC; it therefore drives a portion of this excess in A B, 
against the air contiguous to it, and thus creates the redundant 
atmosphere over A B : and reciprocally, the excess in A B 
being now greater than the deficiency in a b, endeavours to 
increase it ; it drives a part of the fire remaining in this a b, 
.into the air contiguous to it, and raises over it a redundant 
atmosphere. Likewise, the excess in M N being become less 
than the deficiency in m n, endeavours to lessen it, it draws 
fire into m n from the air contiguous to it, and thus renders its 
atmosphere still more deficient; and reciprocally, the defi- 
ciency in m n, being greater^han the excess in M N, endca- 
tours to draw fire into the latter, from the air contiguous to 
and thus raises a deficient atmosphere over it. 

VoL. lV._No. 22, March, 1840. D u 
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On the other hand, ^hen after the ri^ of the positive 
vindicating electricity, I again separate tne plaCes, both the 
excess in M the deficiency in a continue to be 

reproduced, though the contrary correspondent electricities 
cannot arise on the surfaces A B, m n, which remain insulated: 
therefore the greater deficiency in a ft, endeavours to increase 
the lesser excess in A B, by drawing the natural fire ftom the 
contiguous air into it, and thus raises over A B a deficient 
atmosphere ; and reciprocally, the less excess in A B endea- 
vours to lessen the deficiehey in a ft ; to that end it draws fire 
into it from the air contiguous to it, and thus raises over it a 
deficient atmosphere. Likewise, the greater excess in M N 
endeavours to increase the deficiency in in w, driving its fire 
from it into the air contiguous to it, whence results a redun- 
dant atmosphere over m n; and reciprocally, tlje less dcr 
ficiency mmn endeavours to lessen the excess in M N ; to 
that end it drives a part of the latter’s redundant fire into the 
air contiguous to it, and thus raises a redundant atmosphere 
over it. 

Conformably to these principU's. I. When L separate the 
plates A B a ft, M N m w, for the first time after their being 
charged, they resist so much the separation, that there is great 
danger in breaking them. II. From the coating C D a 
strong spark leaps to the nearest finger of that of my hands 
which holds the plate A B a ft, and the edge of its coating 
C D appears all round sparkling with very vivid brushes : all 
tins demonstrates to me that a diniinution of the excess of 
A B takes place, at the instant when the dificiency of a ft is 
forcibly lessened. III. Likewise, in the act of tlie same 
separation, a strdhg spark flies from the finger with which I 
hold the plate M N m «, to it coating c rf, and its edge appears 
all round shiniog with vivid sparks ; tliis manifests to me that 
a diminution of the deficiency of m w, is effected at«the same 
time that the excess of M N is forcibly lessened. iN^t Mean- 
w^hile, the flashes of light which appear between the surfaces 
a ft, M N, while they are separating, are produced by the fire 
which, by virtue both of the excess in A B which remains 
superior to the deficiency in a ft, and of the deficiency in m n, 
which remains superior to the excess in M N, endeavours to 
leap from the above ab in to M N. V. In this state of things, 
the upper plate A B a ft repels the white ribbon from both 
its surfaces; over which, as nas been explained in the preced- 
ing paragraph, similar redundairt electricities take place. 
VI. On the contrary, the under plate, M N m ti, repels a 
black ribbon from both its surfaces, by virtue of the deficient 
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atmosphere, vrhieh as hath been also explained, takes place 
over both ife surfaces. 

The plates being joined again, the inWsity of these attrac- 
tions and repulsions lessen ; because the excess of M N, and 
the deficiency of a 6 are now respectively kept back by the 
external deficiency of m t?, and the external redundancy of 
A li. *The adhesion of the plates takes place again, but in a 
less degree than formerly, proportionably to the diminution 
which the original charge has suffered from the first separa- 
tion ; and by proceeding to a second separation, the same 
phenomena continue to take place by virtue of the same causes 
as formerly, though their intensity is proportionably lessened. 

Continuing thus to join and s^arato the plates, we pretty 
soon attain a term at which, I. The plates cx^ase to manifest 
any sensible adhesion* II. In separating them no light ap- 
pears. III. After the separation, they do not sensibly draw 
or attract rubbed riblions. This term is the jxiint of tne con- 
trary inflexion, the limit between the negative vindicating 
electricity which takes place at first, and the possitive one 
which succeeds to it. 'Fhis term is sooner attained, according 
as the insulation of the plates is le.'^s complete : in this ease 
one plate sometimes reaches to this term a little before the 
other, which still continues to draw and repel ribbons with a 
sensible degree of force. I.astly, this term is attained, before 
the effect of the separations has entirely annihilated the charge 
introduced at first into the plates. In fact, if they are rejoined 
immediately after the term is passed, they still give pretty 
strong shocks. 

If, after the term is passed, the plates^, are successively 
joined and separated, but without touching them ; tlicy begin, 
by virtue of these successive separations, to recover their 
former electricities : that is, the surface a h of the plate A 15 
a 6, be^gns to recover a part of what deficiency it had at first, 
and the 'surface M N, begins to recover also a part of what ex- 
cess it may have lost. Whence it happens that, after the 
separation, the deficiency of a ft, being become greater, en- 
deavours to increase the excess of A B, by drawing into it 
the natural fire of the air contiguous to it ; and reciprocally, 
(he excess of A B, being less than the deficiency a ft endea- 
vours to lessen it, by drawing into the same a ft, the natural 
fire of the air contiguous to it ; so that a b and A Bjthen be- 
gin to repel the black ribbon. Likewise the excess of M N, 
beitig become greater than* the deficiency in m n, endeavours 
to increase it, by driving the fire oi mn into the air contigu- 
ous to it; and reciprocally, the deficiency of m n, being less 
than the excess of M N, endeavours to dimini-^h it, hv di ing 
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the fire of M N into the contiguous air, Tvhejfice M N and m n 
begin to repel the white ribbon. And thus the r^gative vin- 
dicating electricity becomes changed into a positive vindicat- 
ing electricity* 

continuing thus to rejoin and disjoin the plates, those 
portions of electricity that had been lost are pretty .quickly 
recovered on all sides, by virtue of these successive Separa- 
tions ; the adhesion of the plates, and the repulsion of the 
ribbons also increase in proportion ; so that it appears tliat all 
these phenomena of the positive vindicating electricity j con- 
tinue till that degree is attained, at which the charges that had 
been introduced are annihilated. 

Beyond this term, if the plates are continued to be re- 
joined and disjoined, for an whole hour or more, without 
being touched, they continue to shew some adhesion to each 
other ; they continue when separated, to repel ribbons con- 
formably to the kind of electricity w hich they have resumed on 
their internal surfaces, &c. 

I have represented in the fig. 2. of the PI- IX. the series of 
the above alterations of the vindicating electricity. Now I 
shall make use of this figure, in order to explain the 
vindicating electricity of the plate M N i/i w,, (PI. IX. 
fig. 1.) The same explanation will serve for the electricity of 
its fellow-plate ; only, the ordinates must be taken on the 
other side of the absciss. Let the two equal right lines O F, 
o F represent the excess introduced into M N by the charge, 
and the deficiency introduced into n. On the first separa- 
tion of the plates, M N will, for instance, lose the portion m F 
of its excess : therefore, it will in consequence of this separa- 
tion appear negatively electrified over both its surfaces ; the 
plates being joined again, it will recover part of its former ex- 
cess, and will thus be brought to have then the whole of its 
excess equal to P G. In consequence of a new sgparatipn, 
a portion x G of the same excess will again be lost ; thus 
it will at las^happen, that M N will have that precise degree 
of excess at which a further separation can no « longer lessen 
it ; so that H is the point at which the vindicating elecixicity 
begins to be Altered, that is, from, negative beepmes positive. 
At a following separation, by virtue of tvbich the remaining ex^ 
cess is already reduced to the less value 11, 1, the plate, instead 
of continuing to lose any more of its excess, on the contrary 
begins to recover the portion of it I y. Hence, as the remain- 
ing excess from the charge, in M-N, is gradually reduced to 
to the less values K S in K, L* A in L, and o in M, the 
surface M N gradually recovers greater portions of its 
former excess, K s, L M From that point afterwards 
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the surface M V, by virtue of other successive separations, 
wilt for a vbry long while continue to recover portions of its 
former excess, which (the operation l>«ng continued without 
touching the plates) will gradually vanish at every successive 
conjunction of the same. 

And. thus the portions of a curve O Q M, o ^ M, will, 
with tftcir/'cspective ordinate, express the excesses and de- 
ficiencies, both primitive and remaining, of M N and m n ; the 
portions of a curve n H ^ <j, V H ^ V", will, with their ordi- 
nates, express as far as H, the negative vindicating electrici- 
ties, and beyond FI, th« positive vindicating electricities, of 
the surfaces M N, m w. The same portions of the curve 
wdiich serve to express the degrees of positive and negative 
vindicating electricities that take place at every successive 
separation of the plates, will also serve to represent the pro- 
gression of the mutual adhesion of the plates, u K, U V will 
express the greatest degree of the adhesion of the plates, 
when they still retain their wiiolo charge ; wliich value will 
gradually lessen conformably to the su(*eessive lessening ordi- 
nates, X G, X G ; at the instant when the negative electri- 
city w'ill take place, this value will bo o in 11, that is, at the 
point of the coiitrarv inflexion; and thence it will continue 
quickly increasing, then very slowly decreasing, conformably 
to the successive ordinates, I y, I Y, K K S, L c, L Z, 
M §•, M §*, &c. 

With respect to the experiments that are made on the vin-- 
dicating electricity of a single plate A B a6 (PI. IX. fig. 3.) 
by disjoining its coating C D, tney differ much in point of in- 
tensity and iluration, from the experiments that arc made with 
the two plates jointly charged. Of this difTerence the cause 
partly at least is manifest : in the separation of the two plates 
jointly charged, the vindicating electricities of the two sur- 
8urfac§a> which are disjoining, co-operate together; and this 
circumstance must increase the effects, and better preserve 
the efficient causes ; that is, the dispositions introduced by 
the charge of the plates, by virfue of which they endeavour to 
dismiss Itheir respective electricities to a certain degree, and 
beyond thfe degree, to recover the same. 

‘ With regard to the manner lifter which the same vindicat- 
ing electricities exert themselves, I observe, I. That positive 
vindicating electricities exert themselves after the same man- 
ner, when only one plate is used, and separated from its coat- 
ing, as when both are used, and successively separated from 
each other. II. Negative vindicating electricities also exert 
themselves after the same manner, if the charge introduced 
into the single plate is very weak, consisting for instance, of 
only two or three sparks from the first conductor ; because the 
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charge which is usually introduced into the. joined plates, is 
likewise small, on account of the thickness of#the whole. 
III. But if the chargel introduced in the single plate be much 
intense, then the phenomena which result from disjoining the 
coating of it, while the plate retains its whole charge, are 
proportionably different from the phenomena which result from 
separating the two plates, when they only possess theif joint 
charge. • 

That is to say, each of the plates that retain their charge, 
manifests in consequence Of a separation, the same electricity 
on both its surfaces, with that of tl^ surface which is dis<« 
joined ; but the plate which has been charged alone, and pos- 
sesses a considerable degree of charge, manifests that kind 
of electricity on the surface which is disjoined from its coatings, 
which is proper to that surface ; and the contrary kind of 
electricity on the pthcr surface. Thus, if the single platp 
A B a i be strongly charged, positively in A B, and negatively 
in a &, it will, after the coating C D is taken off, repel a while 
ribbon from A B, and a black ribbon from a 6. 

The reason of this is, that charges universally endeavour, 
with a force proportioned to their intensity, to grow gradually 
less ; and this force counteracts the force with which they en- 
deavour to kepp their state of mutual equality, the force by 
which the single charged plate endeavours, when separated 
from its coating,- to actuate similar atmospheres in the air can^ 
tiguous to its two surfaces. When I take off the coaling C D 
from A B a 6, which I suppose to be strongly charged, I 
lessen the electricity of A B ; therefore, by virtue of the force 
with which the two contrary electricities constantly endeavour 
to keep their staie of equality, the deficiency in a & must 
lessen, and the excess in A B of course somewhat increase: 
as the electricity, on both surfaces strongly endeavours at the 
same time to grow less in consequence of its vbry iptensity, 
the deficiency in a h very strongly lessens by * the* united 
efficiency of trie two above causes, and the excess of A B, even 
after the separation of its coating, will continue to decrease a 
little, in cohsequence of the lessening force, which arises from 
the intensity of its charge, and surpasses that which tends to 
an equality ; thence, a certain quantity of fire flows from A B 
into thq contiguous air ; but a S at the same time draws fire 
from the» air contiguous to it with very great force, and after 
this rnauner the above effects take place. 

I have repeated the above observations from my above mep-, 
tionc|d book on die vindicating electricity^ find added some 
new ones, in order to throw some more light on tlie subject ; 
with regard to the nature of the adhesion which accompanies 
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vindicating eleobdoities, I shall only subjoin two trials I have 
made about^t. The first is as follow's ; if two plates, either 
charged, or lately discharged, and wh»ch therefore strongly 
adhere to each other, are immersed into an extensive subtle 
flame, or, when taken from this flame, are suspended within a 
large |{lass bell, emptied of air they soon part from 
each other. 'I'he other experiment is that of disjoining 
bodies naturally joined, for instance, strata or sheets of tale, 
or of spato : no electricity at all arises from these bare sepa- 
rations. With respect to the cause of the vindicating electri- 
city, and of the adhesion that accompanies it, it certainly 
would, if discovered, throw a considerable light on the pro- 
perties of insulating bodies, on the manner of their charges 
on the nature of electric atmospheres, and consequently on all 
the most striking phenomena of electricity, such as the brush 
the star^ and the electrical motioiis. A- consideration this 
which is very apt both to excite us to investigate such cause, 
and restrain us from barely imagining it. 

L V . — Synoptic View of the precise amount of pure Carbon^ 
yielded by the rigid analysis from the Charcoals of thirty 
principal known Woods; by W. F.Wekkes, Esq., Surgeon. 
Lecturer on Philosophical and Operative Chemistry, &c, 
&c., Sandwich.* 

Some twelve years since I was induced from circumstances 
arising out of engagements in the laboratory, to undertake a 
somewhat extensive series of experimental researches relative 
to gaseous, liquid and other products of numerous specimens 
of ligneous fibre, exotic as well as indigenous ; subsequent to 
whidi course of enquiry, the charcoals of the respective 
woods were made the subject of extremly cautious analysis. 
From my minutes of the results then obtained, I select thirty 
of the njmcipal specimens, and have brought them into a 
tabular view, under the impression that it is a point of some 
importance to the chemist and man of general scfence, as well 
as to certain manufacturers and others, to possess a source 
of reference upon which may be placed unqu^ified r<^liancc, as 
respects the per centage of pure carbon^ generally present in 
the charcoals from various specimens of wood ; though I am 
aware that some few results of this description have already 
been given to the scientific world, by anjuytical chemists of 
DO small celebrity. 1 shall only further observe, that jhe 
whole series of cnarcoals ^was obtained by close distillation 
from woods cut down in their full vigour, and afterwards 
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gradually dried by exposure to the atmosphere. The follow- 
ing synopsis is arraimed in the order of their (turity down- 
wards : — * 


CHARCOALS* ^ 

Amount of 
Pui-e CArbon 

In • 

1(K> grains. 

MMlherry 

99.50 
99,38 
99,05 

99. 

99. 

98,75 
98,75 
98,75 
98,75 ' 

98,75 
98,75 
98,10 

98.40 

98.25 
98,13 , 
98,13 

97, .50 

97.50 
97,50 
97,50 : 

97.25 
9<>,88 
90.87 

96.25 
96,25 

96.25 

95, 

93.75- 

92.40 

86.25 

Ch^ritnnt. 

Yew 

Birnh 

Chfirry 

Box 

Maple 

Sycamore 

Ash 

Cedar 

Lime 

Holly 

LignumvitcB 

Willow ! 

Beech 

Pear 

American Oak 

Hawthorn 

Lalmriitim 

Poplar 

Alder 

Evergreen Oak 

Plum - 

Mahogany 

Elm 

Apple .sk.. 

English Oak 

Walnut 

Ebonv 

Lantwood 



Hence it will appear that between the two extremes of tlie 
table, mulberry and lancewood, independent of variabons m 
the intermediate series, there exists a difference in purity 
amounting to 13,25 nains per cent. ; and it may be further 
worthy of remark that, notwithstanding the ^riking want oS 
Utuformity in the external character of many woods, precisely 
die same amount of pure carbon appears to be essential to 
their constitution. 



393 


On Tornadoes-^ Dtj Dr. Hare. 


LVI . — Oft Tornadoes and (Ersted's Memoirs respecting 

them. By Robert Harr^ M. D. Professor of Chemistry, 

in the Pensylvanian University, Philadelphia. 

TO THE editors OF THE NATIONAL GAZKTfE- 

Dear Sirs, — I believe it isfenerally admitted by electricians 
that the enormous discharges of the elec tric fluid, which, during 
thunder gusts, take place in the form of lightning, are the 
consequence of the opposite electrical states of an immense 
stratum of the atmosphere coated by the thunder clouds, and 
a corresponding portion of the terrestrial surfa(*c. In a memoir 
published in the 5th volume of the American Pliilosophical 
'rransactions, republished in Silliman’s Journal, volume 32, 
for 1837, I had endeavoured to show that the tornado was 
the consequence of the same causes producing, in lieu of 
lightning, an electrical discharge by a vcrticiil blast of air, and 
the upward motion of electrified bodies. In your Gazette of 
the 30th ult., you have re-publLshed an article by the cele- 
brated (Ursted in which it is alleged tliat tornadoes or w^ater- 
spouts cannot be caused by electricity, because there is no 
evidence proving that persons exposed have experienced elec- 
trical shocks. To me it appears evident that the scientific 
author confounds the different processes of discharge to which 
I have alluded, the one occurring in thunder gusts, the other 
in tornadoes ; also that he has forgotten that a shock can bo 
given neither by a blast of electrified air, nor by a continuous 
electrical current, a transient interruption of the circuit being 
indispensable to the production of the slightest sensation of 
that nature. If a person, having a conducthig communication 
between one of his bands and a charged surface of a well in- 
sulated battery, hold in the other hand a pointed wire, the 
battery will be discharged through him and through the wire, 
produfcmg a blast of electrified air from the point, without his 
experiencing any shock ; neither would a shock ha given to any 
person by exposure to the blast thus produced. 

This form of electrical discharge to wdiich I ascribe torna- 
does, in which electricity is conveyed from one surface to 
another by the motion of air or other moveable bodies inter- 
vening, is by Faraday designated as convection^"' from the 
X.atin conveho,” to carry along with. 

In the comparatively minute experiments of electricians, the 
process of convective discharge, is exemplified not only by the 
eleetrified aerial blast, but likewise by tne play of pith balls, 
the dance of puppets, or the vibration of a pendulum, or bell 
clapper. The passage of sparks is found to arrest or to cb^k 
suen movements, and in like manner the passage of lightning 
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has been observed to mitigate the vertical foiice of a tornado. 

While a meteor of this kind, which passed over ^Providence 
last year, was crossing the river, the water, within an area of 
about three hundred feet in diameter, was found to rise up in 
a foam, 'as if boiling. Meanwhile two successive flashes of 
lightning occurring, the foam observed to subside after 
each flash. It is thus proved that a discharge by lightning is 
inconsistent with the discharge by convection, and that so far 
as one ensues, the other is impeaed. 

In an account of a tremendous storm of the kind of which 
I have been treating, published in Silliman's Journal for July 
last, it is mentioned, that, at its commencement, it was only 
a violent thunder gust. This is quite consistent Muth the 
experience acquired by means of our miniature experiments, 
in which a discharge, by sparks, may be succeeded by a dis- 
charge by convectien, or vice versa, or they may prevail al- 
ternately. In one case the electric fluid passes in the gigantic 
sparks called lightning, in the other it is conveyed by a blast 
of electrified air. In the former case animals are subjected 
to deleterious shocks, w^hile in the latter no other injury is 
sustained than such as results from collision with the air, or 
other ponderable bodies. 

In the case of the tornado, the vertical blast is accelerated 
by the difference between the pressure of the air at the earth's 
surface, and at the altitude to which the blast extends. 
Should this be a mile there would be a difference nearly of 
one hundred and forty-four pounds per square foot. During 
the tremendous gale which prevailed at Liverpool last winter, 
the greatest pressure of the wind was estimated at only thirty 
pounds per sejuare foot. So far as the ingenious inferences 
and observations of Mr. Epsy, as to the buoyancy resulting 
from a transfer ef heat from aqueous vapour to air hold good, 
the vertical force so alleged to arise, will co-ojperate to aid 
the influence of electric discharges by convection. 

The distinguished author of the memoir alluded to at the 
outset of this communication, conceives that were electricity 
the cause of tornadoes, the magnetic needle should be dis- 
turbed by them ; and without advancing any proof that such 
disturbance does not take place, founds thus an objection to 
electrical agency. 1 conceive that it would be unreasonable 
to expect a magnetic needle to be affected by an electrified 
blast of air, if protected from its mechanical force. 

It has been shewn, by Faraday, that without peculiar 
management, tending to prolong 1;he re-aetion, the most deli- 
cately suspended needle cannot be made to diverge in obe- 
dience to the most powerftd discharges of mechanical elec- 
tricity. An electried spark may impart a feeble magnetism. 
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but it is too rapioj and transient to eflFeet a needle. Moreover, 
when a neeHIe is at right angles to an electric current* which 
would be quite competent to influence it, if j)arallel to it, 
there can be no consequent movement, since the current 
tends to keep it in that relative position. The direction of 
every electrical discharge, inducing a tornado, must neces- 
sarily be nearly at right angles to the needle, since it must 
be vertical, while the needle is necessarily horizontal, when 
so supported as to traverse with facility. 

I do not perceive any facts or suggestions in the article by 
CBrsted, which are competent to render the phenornenou of 
which he treats more intelligible than it ^vas rendered by the 
accurate survey and examination of tlie track of the New 
Brunswick tornado, by Dallas, Bache, and Kspy, in con- 
nexion with accounts published by other witnesses of that 
and other similar meteors. * 

It oeems to be admitted, on all sides, that within a certain 
space there is a rarefaction of air, tending to burst or unroof 
houses. That the upward hhist consequent to this rarefaction, 
carries up all moveable bodies to a greater or less elevation ; 
tliat an afflux of air ensues, from all quarters, to suppl)^ the 
vacuity, which the vertical current has a tendency to produce. 
Trees, within the rariiied area, arc uprooted, and sometimes 
carried aloft ; but on either side of it, or in front, or in the 
rear, are prostrated in a direction almost alw^ays bearing 
towards a point, which during some part of the time in which 
the meteor has endured, has been under the axis of the column 
which it formed. 

It appears to me that all the well authenticated charac- 
teristics enumerated by (Ersted, arc referable to the view of 
the case thus presented. This distinguished author assumes 
that there is a whirling motion, although between American 
observers^ this a debated question It seems in the highest 
degree pVobable that gyration does take place occasionally, if 
not. usually, since hr the case of liquids rushing into a vacuity, 
a whirlpool is very apt to ensue. But as slight causes will in 
such cases either induce or arrest the circular motion, such 
movements may be contingent. It would however appear pro- 
bable that when gyration does exist, it may, as the consequent 
generation of centrifugal force tend to promote or sustain the 
rarefaction, and thus contribute to augment the force, or pro- 
long the duration of a tornado. 

From observations 'made upon the track of the recent 
tornado at New Haven, 1 am led to surmise that there was 
more than one axis of gyration and vertical force — I conceive 
that in consequence of the diversities in the nature of the 
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bodies or the soil, there was a more copiousi emission of elec- 
tricity from some parts of the rarefied area than ^others. In 
two instances waggons with iron wheel tires and axles, were 
especially the objects of the rage of the elements. Trees 
equally exposed were unequally affected, some being carried 
aloft, while others were left standing. The area of a ^ornado 
track may be more analugons to a rough surface than a point, 
and the electricity may, from its well known habitudes, be 
given off from such bodies os are from their shape or nature 
most favorable to its evolution. 

Since these inferences were made, I have observed in Reid’s 
work upon Storms, that similar impressions were created by 
facts observed^ during a hurricane at Mauritius in 1824. It 
was remarked that narrow, tall, and decayed buildings, read)" 
to turn into ruins escaped, at but little distance from new 
houses which were# overturned or torn into pieces. It was 
inferred there were local whirlwinds, subjecting some locali- 
ties to greater violence than others in the vicinity. In the 
case of other hurricanes similar facts have been noticed. 

It may be expedient here to subjoin, that I consider a hur- 
ricane as essentially a tornado, in which an electric discharge 
by convection/* associated with discharges in the form of 
lightning, takes place from a comparatively much larger sur- 
face. In the case of the hurricane, however, the area of the 
track is so much more extensive, that the height of the vertical 
column to the diameter of the base being proportionably less, 
there is necessarily a modification of the phenomena, which 
prevents the resemblance from being perceived. In the case 
of the huri'icanc, the column is too broad to come within the 
scope of a human eye. 

So much has lately been presented to the public, either 
through the iiewspajiers, journals, or lecture^, which I con- 
sider demonstrably incorrect that I can hardly, consistently 
with ray love of true science, remain an inactive observer of 
the consequOTit perversion of the public mind. Unfortunately 
it is difficult, if not impossible to discuss such subjects without 
a resort to language and ideas, which are too technical and 
abstruse for persons who have not made chemistry and elec- 
tricity an object of study. — I have however prepared a series 
of essays, in which the causes of storms are stated, agreeably 
to my view of this important branch of meteorology. — I am, 
gentlemen, yours truly. 


‘ ROBERT HARE. 
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LVlh—M account of a retnarkable Tornado which occurred 
towards the last o/June^ at Chatenaij^ near Parish being 
translated from the Report of a Parisian savant^ Pettier^ 
appointed to ascertain whether insurers were liable for the 
lossef under policies against damage from thunder storms 
(See Journal des Debats for the 17th of July.) Aho Re- 
marks and Annotations by It. Hare, M. D. Professor of 
Chemistry, in the Pcnsylvanian ynivcrsity, Philadelphia. 

FOR THE NATIONAL GAZETTE. 

Messrs. Editors : — You had published a memoir on Torna- 
does by a distinguished foreigner, (Ersted. Conceiving the 
impression conveyed by that article less worthy of considera- 
tion than those which had been presented in a memoir which 
I had previously published, I hope that I^shall be considered 
as having had a sufficient incentive for endeav ouring through 
the same channel to correct the erroneous impressions wliich 
that memoir was in my opinion of uaturo to produce. 

Ill my letter to you of the 26th uJt. it was stated that I 
considered tornadoes as the consequence of an electrical dis- 
charge superseding the more ordinary medium of lightning. 
From an acticle wliich has since met rny attention in the 
Journal dcs Debats, published on the 17th July at Paris, it 
appears that a tremendous tornado accurred about the last of 
tlie preceding June in the vicinity of that metropolis. The 
losers applied for indemnity to certain insurers, who objected 
to pay on the plea that the policies were against thunder 
storms not against tornadoes, lliis led to an application to the 
celebrated Arago, who referred the case 'Sy another savant, 
Peltier. 

From the report of Peltier, of which I subjcpn a translation, 
it will be seei/ that, excepting his neglect of co-operative in- 
fluence*ol the elasticity of the air, he sanctions my opinion that 
a tornado is the effect of an electrical discharge.^ 

* lhad presented copies of the pamphlet containing my memoir to M. Araao 
and several other members of the institute. In a subsequent conversation he 
referred to some of the sug^sfestions vvliieh it contained. As it conveyed a view 
of Uie question decisively favourable to the claimants, it may be inferred that 
it must have been alluded to by Araj^o and thus have become the source of 
Peltier^s impressions. It may therefore be anticipated that clue acknow]edg> 
ment will be hercaj|U*r made by him wlien |he realises his promise of making 
a more elaborate report on the tornalo of Clutenay. Before entering npoii 
the aiguments by which I sustaiped my hypothesis it was briefly stated in the 
following words : ** A/teh muturdy cons^dvrihg all the fails I am led to suyyeat 
th jt a tornado is the effvcl of an eUelrtJied current of air supersediny the more 
usual fneans of discharge between the earth and eloudSf in those vivid sparks 

nbieh we call lightning.** 
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** Yesterday,” says Peltier, I visited Ihe eommutie of 
Chatenay in the canton of Ecouen, department df Seine and 
Oise, and investigatecrthe disasters experienced in the month 
of June last, from a tornado which first originated over the 
valley of Fontenay des Louvres. At present I can give only 
a summary account of this wonderful phenomenon. ^ 

“ Early in the morning a thunder cloud arose to the south 
of Chatenay, and moved at about ten o'clock over the valley 
between the hills of Chatpnay and those of h^couen. The 
cloud having extended itself over the valley, appeared sta- 
tionary and about to pass away to the west. Some thunder 
was heard but notliing remarkable was noticed, when about 
mid-day a second thunder storm coming also from the south 
and moving with rapidity advanced towards the same plain of 
Chatenay. Having arrived at the extremity of the plain 
above Fontenay, opposite to the first mentioned thunder cloud, 
which occupieef a higher part of the atmosphere, it stopped at 
a little distance, leaving spectators for some moments uncer- 
tain as to the direction which it w'ould ultimately take. ITiat 
two thtinder clouds should thus keep each other at a distance, 
led to the impression that being charged with the same elec, 
tricity, they were rendered reciprocally repellent, and that a 
conflict would ensue in which the terrestrial surface would 
play an important part. Up to this time there had been 
thunder continually rumbling within the second thunder cloud, 
when suddenly an under portion of this cloud descending and 
entering into communication with the earth, the thunder 
ceased. A prodigious attractive power was exerted forthwith, 
all the dust and pther light bodies which covered the surface 
of the earth mounted towards the apex of the cone formed hy 
the cloud. A rumbling thunder was continually heard. 
Small clouds wheeled about the inverted cone rising and de- 
scending with rapidity. An intelligent spectator, M,,Dutour, 
who was admirably placed for observing, saw the 'column 
formed by the tovnado terminated at its lower extremity by a 
cap of fire^ while this was not seen by a shepherd, Oliver, 
who was on the very spot, but enveloped in a cloud of dust. 

‘‘ To the south-east of the tornado, on the side exposed to 
it, the trees were shattered, while those on the other side of it 
preserved their sap and verdure. The portion attacked 
appeared to have experienced a radical change, while the rest 
were not affected. The tornado having descended into the 
valley at the extremity of Fontenay, approached some trees 
situated along the bed of a Avulet, which was without water 
though moist. After having there broken and uprooted every 
tree which it encountered, it crossed the valley and advanced 
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towards some oAier trees, which it also destroyed. In the 
nes:t place* hesitating a few moments p if uncertain as to its 
route, it halted immediately under the first thunder cloud. 
This, although previously stationary, now began as if repelled 
by tlie tornado to retreat towards the valley to the west of 
Chate^ay. The tornado after stopping as I have described, 
would infallibly on its part, have moved on towards the west 
to a wood in that direction, if the other thunder cloud had not 
prevented it by its repulsion. Finally it advanced to the park 
of the castle of Chatenay, overtlirowing every thing in its 
path. On entering this park, whicli is at the smnmit of hill, 
it desolated one of the most agreeable residences iii the 
neighbourhood of Paris. All the finest trees were uprooted, 
the youngest only, which -were without the tornado, having 
escaped. The walls were thrown down, the roofs and chim- 
neys of the castle and farm house carried away, and branches, 
tiles and other moveable bodies were thrown to a distance of 
more than five hundred yards. Deceiiding the hill towards 
the north, the tornado stopped over a pond killed the fish, 
overthrew the trees, withering their leaves, and proceeded 
slowly along an avenue of willows, the roots of which entered 
the water, and being during this part of its progress much 
diminished in size and force, it proceeded slowly over a plain, 
and finally at the distance of more than a thousand yards from 
Chatenay, divided into two parts, one of which disappeared in 
the clouds, the other in the ground. 

In this hasty account I have, with the intention of return- 
ing to this portion of the subject, omitted to speak particularly 
of it effects upon the trees. All those which came within the 
influence of the tornado, presented the same aspect ; their sap 
was vaporized, and their ligneous fibres had become as dry as 
if kept for forty-eight hours in a furnace heated to ninety 
degrees above' the boiling point. Evidently there was a great 
mass St vapour instantaneously formed, which could only 
make its escape by bursting the tree in evei^ direction ; and 
as wood has less cohesion in a horizontal longitudinal, than in 
a transverse direction, these trees were all, throughout one 
portion of their trunk, cloven into laths. Many trees attest, 
by their condition, that they served as conductors to continual 
discharges of electricity, and that the high temperature pro- 
duced by this passage of the electric fluid, instantly vaporized 
all the moisture which they contained, and that this instanta- 
neous vaporization burst all the trees open in the direction of 
their length, until the wood, 'dried up and split, bod become 
unable to resist the force of the wind which accompanied tiie 
tornado. In contemplating the rise and progress of this phe 
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uomeDoni we see the conversion of an ordinary thundergust 
into a tornado ;* we behold two masses of clouds opposed to 
each other, of which tne upper one, in consequence of the re- 
pulsion of the similar electricities with which both are charged, 
repelling the lower towards tlic ground, the clouds of the lat- 
ter descending and communicating with the earth by clpuds of 
dust and by the trees. 'Iliis communication once formed, the 
thunder immediately ceases, and the discharges of electricity 
take place by means of th^ clouds w^hich have thus descended 
and the trees. These trees traversed by the electricity, 
have their temperature, in consequence, raised to such a point 
that their sap is vaporized, and their fibers sundered by its 
eflFort to escape. Flashes and fiery balls and sparks accom- 
panying the tornado, a smell of sulphur remains for several 
days ill the houses, in which the curtains arc found discoloured. 
Every thing proves that the tornado is nothing else than a 
a conductor formed from the clouds, which serves for a pas- 
sage for a continual discharge of electricity from those above, 
and that the difFerence between an ordinary thunder-storm 
and one accompanied by a tornado, consists in the presence of 
a conductor of clouds, which seems to maintain the conibat be- 
tween the upper portion of the tornado and the ground 
beneath. At Chatenay this conductor was formed by the 
influence of an ui)j)er thunder cloud, which forced the lower 
portion of an inferior cloud to descend and come into contact 
with the terrestrial surface.” 

Feltier concurs with, me in tlie opinion tliat the tornado 
supersedes lightning, by afFording a conducting communi- 
cation b(?twcen llj^e teiTCstrial surface and tlnmder cloud: but 
lie coiicciv(*s that the cloud, by its desetmt, becomes the con- 
ductor, through which the electric discharge is accomplished : 
whereas, agiccafbly to the cxjilauatioii which I suggested, a 
vertical blast of air, and cn eiy Ijg^dy (*arric(l aloft, cgritriliutes 
to fonn the means of coinmumcation. Agreeably this 
suggestion, the clectic Huid does not pass by conduction, but 
convection,” as explained in my letter of the i2()di iilt. That 
the idea of the parisian savan, that tlie cloud acts as a con- 
ductor, is unttmable inur t be evident, since the light matter of 
which a cloud is constitiUed could not be sUitiouaiy, between 
die earth and sky, in opposition to thiit upward aerial current 
of which the violence is proved to be sufficient to elevate not 
only water, but other bodies specilically much heavier than 
Uiis liquid. * ’ 


>> See 5th toI. of the American Philosophical transactions, or Silliman^ 
Jonraal for 1837, voh 32, page 154. 




Mr. Itoberls descrij>iion of a new Voltameter. 401 

So much of tht iiaiTativc of Peltier as relates to the repulsion 
between thb thunder clouds, is inconsistent with anv other 
facts on record respectini? tornadoes ^ich have come ^nthin 
iny knowledge. It should be recollected that this jmrt of the 
story does not depend u})ou the obscn^atioii of the author, and 
may be due to the iraagiuatiori of the witnesses wlioin he ex- 
amined. The most iuiportJint pan of Ins evidence, is that 
respecting the efl’oct upon th»^ trees, wlikdi appeals to me to 
demonstrate that they were the mecjiuiu of a tremendous elec- 
trical current. 

In my memoir I noticed the injury done to th(j leaves of 
trees, and stated my conviction that /7 wan inconccivablv 
that m?chankid laceration could hare thus extended, itself 
equally among the foliage., a surmise may he warranted that 
the change was effected by electricity associated with the 
tornado^ 


— Description of a. new Voltameter. By Maktyn 
Roukuts, Esq. In a letter to the Editor. 

Mv DiCAii Sir — If you think the following account of 
an nstrurnent worthy of a ])laee in your Annals of ElectrU 
city, you are at liberty to insert it. I contrived the instrument 
last winter, and found it exceedingly useful in comparing tlie 
decomposing power of dillerent. electric currents. 1 brought 
it before the lloyal Society of Edinburgh, wliere it was much 
approved of. ' 

The usual way of measuring the quantity of gas developed 
by the poles of a galvanic battery, is by an instrument called a 
voltameter, of which there are many forms ; but to all there 
is an objection, viz., the trouble, and often difficulty of refilling 
the tube with the liquid to he decomposed. > 'J"hc change 1 
have made iff th (3 form makes it a very simple instrument, 
giving^great facility of manipulation, which you will allow is 
of importance in all electrical experimeuts. voltameter 

fig. 5. pi. IX. is a glass tube, bent like the letter IJ, and sunk 
into a wooden stand, as deep as the dotted lines in the figure. 
One leg a wdll contain about three cubic inches of gas, and on 
its length, is cut a scale dividing it into inches and tenths, 
cubic ; on the summit of the other leg is a reservoir c which 
will contain something more than three cubic irffehes. 

About an inch above the lowest point of the curvature of 
the tube, and in the leg a two holes are bored in the glass, 
and in these are cemented tvVo short pieces of No. 6 platina 
wive.rf.r/. The ends of these wires in the tube, must be close to 
each other, hut must not touch. The outward ends of these 
VcL. March, IRJO. E v. 
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wires terminate in two binding screws, s, fbr the purpose of 
attaching to them the wires of a battery. On thrf summit of 
the leg a is a stop-codk 

To use the instrument, fill both legs with dilute sulphuric 
acid to the level of the stoiv-cock, or rattier to zero on the 
scale. Shut the stop-cock, and fasten the battery wires in 
the binding screws : the decomposition of the water noV com- 
mences, the gas rises in the leg a and the liquid is raised into 
the reservoir c and this will continue until the liquid is 
depressed in the leg a bcldw the platina wires. The number 
of inches and tenths, of gas produced in a given time is marked 
by the scale, and gives, of course, the comparative power of 
the battery as usual. Hut now if you wish to repeat the 
experiment, you have only to open the stop-cock, the gas 
rushes out, and the .apparatus is instantly ready for another 
trial. 

I remain^ my dear Sir, yours truly, 

MARTYN J. ROHERTS. 

LIX. — On an Air Electrometer ; by B. W. Coward, Esq. 

In a Letter to the Editor. Sec fig. 4. PL IX. 

Dear Sir, — The instrument consists of a glass cylinder, three 
inches diameter, by eight inches in length, on each end of which 
a brass cap is cemented air tight ; passing through the upper 
cap, and near the edge is a glass tube B blown with a funnel- 
shaped end (for the purpose of exposing a greater surface,) and 
bent so as to leave a short parallel arm of about two inches and 
a half. 'Lo the long arm of this tube, a narrow graduated 
scale of ivory is affixed by means of fine wire. C and D are 
brass wires and balls placed in the centre of the caps, the 
upper one sliding in a collar of leather. In order to use this 
instrument, the tube B must be filled to about the Jieight of 
two inches, with a fluid, on the surface of which in tfie long 
^rm must itfst a light guage made of ivory, and sliding so 
freely as tf) require very slight springs made of quill, to res- 
train it by thin pressure in any part of the tube. 

Now it is evident if a charge be passed through the cylinder, 
tl e air in it will be displaced, and pressing don n the fluid in 
the short arm, it will rise in the long one, and of course the 
guage with it, win's'll by the springs, will be restrained at its 
maximum height. The gauge is represented at E. 

The advantages to be derived from this construction of the 
instrument, I conceive to be, — * 

1st. The appearance is more elegant. 

^id. It is more easily affected. 
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Srd, TTli^re is no slopping about of a large quantity of fluid 
in the bottom of the cylirndcr. 

4th. Sliould the tube require cleaning, or the fluid 
replenishing, it is easily effected. 

5th. I'hc permanent indication afforded by the guage, of 
heightfto whicli the fluid has risen. 


LX. — The Aurora Borealis^ September 3r/, 1839. 

A very singular aurora borealis appeared at London, on 
the evening of the 3rd of September, 1839. It first made 
its appearance about a qiia»tcr before nine o’clock, and con- 
tinued nearly the whole of the niglit. I was walking from 
Brixton to I’eckham, between nine and ten, and kept <ho 
aurora in view the whole of the time. * I first saw it when 
passing Brixton church, then about nim) o’clock ; its appear- 
ance was that of a yellowish light, at a small altitude above 
the northern horizon. In the course of a few minutes, a few- 
faint straggling streams glided upwards to a considerable 
height; and soon afterwards several groups of brilliant 
streaks of red and white light sliot over an immense track of 
the northern heavens, to nearly the zenith. Besides those 
streamers, there were also splendid blushes of idtornate 
stationary and moving re<l and white liglit. 'rhe sky was 
partially covered with thin vapoury clouds, which had an 
obvious influence on the colour, and the apparent horizontal 
motion of the light, which light also was easily distinguished 
to be behind or beyond these thin cloiids#of vapour; and 
assumed a deeper tinge of redness as the vapour became more 
dense between it and the spectator As this was the first 
time of iny ol^serving this red light during the display of an 
aiirora> I became very anxious to know its cause, for I never 
yet saw the electrical light in artificially attenuated air any 
thing like the colour of the light which I obiferved on this 
occasion. It was sometimes of a deep crimson, at other times 
of an almost fiery red, then pink, very light pink, next the 
white colour of the usual aurora, and so on for sever«*il 
alternate successions. And at other times the aurora would 
seem to reverse the order of colours, beginning with the ordi- 
nary white light, and passing through the different red tints 
down to the perfect crimson; and then return gradually to 
the ordinary white. I had s^cvcral opportunities of observing 
these curious changes in the colour of the light before I 
.arrived at Camberwell- Just before I entered the grove at 
Camberwell, then about half past nine, the northern skj was 
illuminated through an immense horizontal range, with u 
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splendid red light, but when 1 arrived in the church yard, 
about five minutes afterwards, the red light had fiearly dis- 
appeared, only a small portion remaining on the northern 
edge of a thin fleece of vapour, at a considerable altitude 
above the western Imrizoii ; being replaced by several splen- 
did groups of the usual white streamers. From this time 
till a little before ten the aurora languished very considerably, 
but about five minutes before ten it re-appeared with all its 
former splendour, with the exception of the red colour. This 
last sudden display presonfed many exceedingly fine groups of 
intense streamers which shot upwards to the zenith, and 
covered an immense space in the heavens, but lasted only a 
few minutes before they vanished and appeared to leave ther 
night in comparative darkness. I w^atched the aurora till 
about half-past ten, hut as at that time there appeared no 
reason for its coritiriuanco raucli longer, I ceased my observa- 
tions. 1 understand, however, that the aurora re-appeared in 
great splendour, and continued till three o’clock next moniing. 

I never, before, observed an aurora borealis expand to so 
great a horizontal range as that which I have now partly des- 
cribed. Lyra and Capella were excellently situated for 
giving a good idea of the horizontal extent of the aurora, the 
former star being just within it| western, and the latter just 
within its eastern margin. The thin vapoury clouds presently 
clearing aw^ay, these two conspicuous stars were afterwards 
noticed to be within the limits of the auroral beams, Kefore 
ten o’clock the sky had become pretty clear, and the stars shone 
in every part of the visible heavens. I did not observe any 
meteoric stars. William Sturoeon. 


LXI . — American Philosophical Society. 

Professor Bache, in behalf of Professor Alexander, of 
Princeton, made a verbal communication of a desefiption of 
the aurora borealis, of September 3rd, 1839, as it appeared 
at Princeton, 

At about ten or fifteen minutes past eight, P. M. an ill-de- 
fined, but considerably bright light was seen to extend for 
some distance above the horizon, in a direction nearly due 
east ; it was similar, in intensity and appearance, to a lunar 
twilight. Soon after this, a continuous arch or zone of light 
was manifest, extending from the same spot to the opposite, 
or nearly opposite portion of the we.stern horizon. This soon 
separated in two parts,* and, after a short interval, beams of 

« Two arches, it is beiiaved, wens at this time formed, and either aeparated 
throughout their entire extent, or united oal j near their extremitieii ; but Uiia 
notes do not explicit) j state. 
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light shot VP from the eastern portion of the arch which were 
speedily inultiplied in every direction around the observer, ex- 
cept w'ithin about thirty degrees of the true (or, it might be, 
mu(/neiic) south. 

A corona was soon formed, which was at first quite indis- 
tinct, and was not continuous for any great length of time, 
during the existence of the aurora, except at the period of its 
greatest brilliancy. At about twenty minutes })abt eight, this 
corona was situated in a line with, and about midway between 
aAquilm and Lyrm. This may be considered *as a very 
tolerable approximation to its position, thougli, from the ap- 
parent intersection, or, as it might almost be termed, inter- 
w^eaving of the beams which composed it, it was not often easy 
to fix upon the place of its centre with nnicli precision, if 
indeed that which seemed its centre, did not really change its 
place ; since, at times, it seemed to occupy a position very 
sensibly lower than that which the preceding observation 
would indicate. 

At about half past eight, the appearance of the aurora w'as 
superb. 'Die radiations which extended from the corona, 
nearly reached the horizon in every direction, with the excep- 
tion of those which tended toward the southern space before 
mentioned, which, it is belicvtd, was even at this time bounded 
hy something like an arch, that w'as convex towards the zenith. 
The aurora was often party-coloured ; frequently of a rose- 
red, especially in spots, in that portion of the sky which might 
be supposed to be near the plane of the dipping needle ; and 
also about the centre of the corona. It was in the part of the 
heavens here described, that tlic arch of greatest intensity 
could most commonly, if not uniformly, be traced : though the 
crown of it frequently faded away, or became excessively 
faint. f 

liet^'ie&n the spots, of red light, or beams of the same tint, 
others were observed, which, either from the effect of the first 
mentioned colour, or something peculiar to the’niselves, ap- 
peared of a colour approaching to a bottle-green. ' 

At times, again, when the corona was deficient, the ap- 
pearance of what remained on each side of the vacant spot, was 
not unlike that of two immense comets ; their heads some 
small distance asunder, and their tails turned eastward and 
westward. 

The light of the corona, when most perfect, was quite dense, 
not only at the central point, ^ but also near to what seemed to 
be the outer limits of its radiations, at which the tint com- 
monly e&Ubitcd the nearest approach to white. 

Two meteors or shooting stars were seen, which in both 
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cases appeared to pass between the aurora dud the eye of the 
observer ; one nearly in the direction of the arcH of greatest 
intensity, and the other almost perpendicular to it. The pre- 
cise times of their appearance were not noted, though they fell 
within that period in which the phenomena already described 
were exhibited. 

The corona formed again at nine ; and, thouglJ again 
broken, was imperfectly visible after that time. 

At half past nine, the eastern portion of the sky became 
tinted with intense red and green ; but at half past ten, little 
else remained than the appearance of bright horizontal beams 
of white colour in the north. 

If it be admitted that the centre of the aurora was precisely 
midway between « Aquila; and a Lyrae, at twenty minutes past 
eight, its azimuth must have been 1'^ 14' 42'^ E. ofS., and its 
altitude 73 27' 6" ; the latitude of the observer being 49 ’ 20' 
47" N. The point thus designated, w-ould be very nearly in the 
direction of the dipping needle ; the dip being, by observation, 
72 ' 47' 6" (72® 47. 1') and the variation (though ni)t accurately 
determined,) some 4® W. or that of the S, end of the needle, 
of course, the same extent to the east. The degrees of azimuth, 
reckoned on a parallel to the horizon at an .altitude of 72 ^ and 
more, being small, the deviation from the direction of the 
dipping needle, measured on the arc of a great circle, would be 
scarcely more than 1® towards the N. W. 

Professor Bache stated that his own observations near 
Philadelphia, of the altitude of the apparent converging point 
of the auror<al beams, at nine P. M. made it but about (59' . 
He had witnessed a case of the appearance of a dark spot of 
irregular shape, hetween two beams of light, which was cer- 
tainly not a cloud, as the stars were not at all obscured by it, 
and which he supposed to be the phenomenon referred to^ re- 
cently by Professor Idoyd. No mottled cloudy, such as 
usually attend the aurora, were visible during thtj period 
between nii>e and ten o’clock, when he had been able to ob- 
serve. Professor Baclie stated that he did not place much 
stress upon his measurements, .as he had been prevented from 
sustained observation by indisposition. There had been, in 
the newspapers, an account of .an auroral display visible at 
London, on the morning of the fourth of September, at 
about the same absolute time as at Princeton, according to 
Professor Alexander’s observations. It was said to have been 
accompanied by a very unusual number of shooting stars, com- 
pared in one statement of the splendid display of November 
13th, 1833. 
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LXIl, — A New Method of Illuminating Microscopic Objects, 

By the Rev. J.B.IIeade, M. A., of Caius Collo Cainbrulge. ’* 

In Dr. Ooring’s valuable memoir of the Verification of Mi* 
croscopie Phenomena, it is obsen (m 1, “ the verificalioii of tlie 
real nature, form, and construction, of a vast variety of objects 
whicli elude the sense of touch by their extreme minuteness, 
can only be made out by an attentive study of their appear- 
ances, under a variety of methods of illumination'^ \ The 
methods of illumination at present Adopted are four in number, 
and consist in the ay)plicatiork of direct ami oblique redded 
light,, and direct and oblique trammilted light. 

The first two methods ai‘e apydicahle to opaque, objects, but 
for the examination of transparent objects, all the methods 
are available. The two latter, hmvcvcr, it is well known, arc 
those most commonly used. 

Now, when microscopic ol)j(*cts, not oj^aipic, are viewed with 
oblique re/lect(?d light — the ilamc of tlie candle being placed 
higher tlian the stage of the instrument, and its light con- 
densed upon the object — it is invariably found that the rnaxi- 
inuin of condcnscal light whicli can he ol>tained by this method 
is suflicicnl for the iiill dcvelopement, of many important cha- 
racters. If, again, transmiUjjjd light, cither direct or oblique, 
be substituted Ibr njlh‘ctc<l light, obstacles of a still more 
serious nature greatly iiiterfc're with accurate investigation. 
Delicate tints are lost ; colours naturally bright, or even bril- 
liant, are all but absorbed ; the texture and construction of ob- 
jects arc erroneously riq)r(?sented ; and, in fact, nothing is seen, 
in many cases, but a magiiiiicd image of the object in mere 
black and white. Nor is this all; for besides this defective 
representation, the eye of the observer is always subject to 
much pabiful excitement, arising from the intc,me illumination 
of the whol^ field of view. And hero, in fact, lies the great 
practical inconvenience of the present methoil ; for, to take a 
common case — an object about l-300tli of an inch in diameter 
being placed in the middle of the field of view, the diameter of 
which is about l-12th of an inch, and consequently being 
l-625tb part of the area of the field of view, the eye has to con- 
tend with 624 parts of the bright light, whicli arc not brought 
to bear upon tlie illumination of the object. Hence, a method 
by which this intense glare shall be wholly removed, and tliat 
witliout the loss of a single effective ray, must evidently be bh- 
perior to the one usuallv employed, in the ratio of at least 
600 to L 

* From Goring and Pritchard’s Micrographia. 

f Microscopic Cabinet, p. 183. 
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Being lately engaged in the examination of k few test objects^ 
I happened to notice that the feathers of the Lychna arguSj 
when held abov(5 the flame of a candle, exhibited at a certain 
angle all tlieir peculiar tints, and at the same time the flame 
was not visible to the eye. It then occurred to me, tliat by 
preserving the same angle under the microscope, the advantage 
of ainplilication would also be accompanied by the natural 
colours of the object. The requisite angle was readily obtained 
by making the axis of the microscope coincide with the line 
from thii object to the eye, ^hile the candle and the object re- 
tained their relative })ositioii»s. The result accorded with my 
anticipation, and 1 was gratified by the exhibition of the most 
hrillijuit diamond tints, sparkling with exquisite lustre on a Jcl 
black (jTonnd, This new method of illuniiiialing microscopic 
objects, it is at once apparent, consists in obtaining oblique re- 
fracted light. 

On submitting a series tif objects to the same illumination, 
I was soon convinced of the value of the discovery ; jmd I 
scarcely know wliicli to admire most — ^>vlu*tlier the veiy natural 
appeai’ances of objects, adonied, as they invariably an^, by the 
presence of their most delicate colouring, or the personal com- 
fort of the observer, arising from the absence of all superiiuoiis 
light. To illustrate the two methods by a reference to the 
telescope, it may be obs(^rvcd, that the discomfort of viewing 
spots on the sun not una])tly corn^sponds with the view of mi- 
croscopic objects on an illuminated field ; Avhilc the removal 
of all inconvenient .and iindfective light fruui the field of the 
microscope corresponds with the clear and quiet view of stars 
on the dark blue vault of the linnamont. 

The most ])ractlcablo mode of obtiiiiiiug the illiiinination 
now described is to fix the object on the stage of the micros- 
cope, in tlie usual w^ay, tlie axis of wdiich must be inclined to 
the table, at about an angle of 45'^ , and then ^o place the 
candle about two inches below the stage, and about one two 
inches to tlie or left of it ; but this lateral distance must 
be raried, according to the nature of the object and the angle of 
aperture of the instrument.' It must be carefully borne in mind 
that tlie illumination will not be correct unless the field of view 
be wholly darkened. 

To obtain tliis kind of illumination with facility and eflfect, 
it will be necessary to make some alterations in the construc- 
tion of the instrument : as, for instance, in order to apply con- 
densed light, the arm of the condenser must be placed in a ball- 
and-socket joint, or some similar contrivance must be adopted ; 
for when it is perpendicular to the axis of the microscope, its 
introduction diverts the course of the rays from the candle to 
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the stage, aud not* imfrequently illuminates the field of view. 
The miiTor*also cannot be made avjiilable in its ^jresent pi> 5 i- 
tion, for this kind of illumination, because light, when refh'cted 
from it, must of necessity illimiinate the tield. It must there- 
fore be fixed on an extended and jointed arm ; and when so con- 
structed, microscopic objects may be \ie,\ve(l even in the day- 
time by oblique, refracted light. iXgain, a very nuriarkable 
microscopic effect will be produced by giving a small vertical 
angular motion either to tlte body of the inslrnment or to the 
stage, as in Goring’s Engiscope. By this moans, ihv, ])lano 
of the object w^liich, owing to the ])res(UJt construction, is of 
necessity parallel to the <liametor of tlu* object-glass, may be 
inclined to it at different angles; andw^e shall tJms obtain oft- 
lique vision as well as oblique illumination, 'J’lies** two con- 
ditions are absolutely necessary for obtaining, in many in- 
stances, the true effect of coloured objects uvoii with the naked 
eye, and the introduction of niagnifving powers l)('tween the 
object and the eye do<!s not render these twn» coiulititms a whit 
the less jiecessary. 

Tlio efiliet t)f' this now motliod of illumination may bo tried 
with advantage, on various subjects of th(' larger kind, as cut- 
tings of wood, scales of iisli, and wings «>f insects.* VVe may 
also apply it, with peculiar intt*rest, to tluj investigation of the 
elementary orgtuis of j)lants; animal tissues; mosses; coral- 
lines; crystals; and the scales of insects of tlu*. orclors liopi- 
doptcra and ''riiysamua. In eaeli of all tlu*s<i some striking 
and hitherto nnp<irceiv(*d character will be dc'velopod, and the 
observer will rise from his pursuit with a more ihorongb per- 
suasion that the Being whose wrord is pow er, and by wliom his 
owrn body ^‘is fearfully an<l w'onderfully uiiffle,” has c(|iially 
exhibited the matchless efforts of His skill in tlie exfjuisite 
polish of an insect’s joints ; in the oj)pning of^ leaf; and the 
pencilling of if flowxr. — ^To be a theoreti(‘al atlieist is im- 
possible. 

Peckham, Nov. 183G. • 


* Among the various objects which shew the superiority of this kind of 
illumination over transmitted light, tlie spiral vessels of the hjacinth and the 
pollen of the convolvolus major are the most decided. — A. P. 
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LXIII. The reason why a small pair of plates introduced 
into a circle of large pairs reduces the action of the whole 
hatiery to the same standard as if it tvere composed of all 
smallpairs. By W. H. IIalse, Esq. In a Letter to the Editor. 

Mr. Editor, — ^Tn the last number of Tlie Aiqials” 1 
promised to explain my tlicoi^" ol‘ tlic action of a small pair 
of plates when introduced into a circle of larger ones ; as I 
considered that the theory commonly given as an explanation 
of it, was not founded on fact, viz., “ that the positive elec- 
tricity produced on the large jdates more than that produced 
by the small ])lates, is instantly mmtralized by an ecpial quan- 
tity of negative electricity, and that this extra quantity is 
continually being ])roduced and as often neutralized.” — Now 
it must be evident that this cannot be conrect, for if it were 
so, double as miu;h zinc must be dissolved from a four inch 
plate jis there would be from a two inch plate, and twice the 
({uantity of hydrogen gas evolved by the large copper. Exj>e- 
riinent will juovc that this is not the case, for iji a compound 
circle consisting of twenty pairs of plates varying from one 
inch to eight inches in size, it will be hnind that tlic quantity 
of gas liberated from the cop])ers of the eight inch pairs will 
be no more than that evolved from the one inch pairs and the 
zinc dissolved is also equal. Although this theory is received 
by many persons as correct — and even by some lecturers on 
galvanism, for 1 have heard them give this explanation of 
it. — am convinced that M. Do la Rive did not mean it in this 
light, for he must undoubtedly have considered the ('xtra pro- 
ductions and the extra re-compositions of the two electricities 
as due to clicrnidlil action on the plates b(iyond what w as neces- 
sary for the developemenl of the electric current circulating 
through unequuil pairs; the objection which I have advanced 
therefore can have no effect against his theory as fie infjpndedit to 
be understood, but only against that as received and acNocated 
by those whi> are ignorant of his meaning. I, however, now 
give an exjdjuiation of its action according to my view of the 
subject and which I think will explain cveiy effect. 

The particles which compose the fluid contents of the bat- 
tery contain both pc>.sitive and negative electricity ; the zinc 
contains both also ; but the positive of the zinc and the nega- 
tive of the fluid have an appetency to unite, and the particles 
of oxygen and zinc unite in consequence of it; therefore the 
negative electricity which was combined with the positive in 
the particle of zinc, remains on the mass of zinc and the 
positive which was combined with the negative in the particle 
of oxygen remains in the firnd, thus the zinc plate contains an 
excess of negative and the liquid an excess of positive elec- 
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inciij/. The neyativey therefore^ proceeds' from the zinc and 
the positive from the fluid ^ both travrlliuf^ in difreront direc- 
tions, viz., — the positive from the ihiid in contact with the zinc 
towards the copper in the same cell and the nogativi' from ihe 
mass of zinc alony; the connectinu; M'irc to the copper in con- 
tact with it. llaviuj^ thus laid tlie foundation of my theory, 
i will suppose a battery working, in wliich a pair of plates 
half the size of the others is introduced into the circle ; say 
three pairs of simple circles united, and this small i)air sliall be 
the sc(!ond ))air. At the commehcement of its action each 
pair of plates produces electricity according to its size, but 
only at the moment of unitiwj the tteo poles. The negative 
on the small zinc is conveyed by the ( oimecting wire to the 
cop]»er of the lirst pair, which at the same time attracts from 
the iitpiid in which it is immersed (viz. the lirst cell) an exact 
quantity of positivt; to maitralize itsi'H', hjit as the liejuid con- 
Uins twic(^ as much ])ositive as is suflicient for the neutral- 
ization of the negative, liquid of the lirst ])air therefore 
reniaius positive, 'i’ht! negative electricity accuiimlated on 
the zinc of the third pair being twice as much as the iiositive 
contaiiKsl in the li(juid in w'hich the small ccqiper is immersed 
(second cell) and which cojiper is connected with tliks zinc, 
only one hall’ of it e.scapes from the zinc by the coimectiiig 
wire to this cup]>i‘r, and conse(|nently thi^ mass of zinc in this 
third cell remains negative, on ae(*oimt of there not being a 
sudicieiit (quantity of positive to nenlraiizc.it. 

Now^ as the zinc plates are positive with rcs])ectto the iliiids 
ill which they arc iimnersed (that is that their positive eloc^tricity 
has an appetency h) unite with the negative of the lim’d) it 
shews ///at f/te ac(ion of i/te add o/t //te fr^d and l/iinl pairs 
must he diminished, because, iu number one, the Ihiid is 
positive by the accumulation of that kind as [>efore, stilted, and 
as the zinc ts naturally positive, and as two ])ositives will not 
unite^supposing thty w ere equal) it is evident th;it tlie chemical 
action on the zinc plate of nuiiilier one must diminished ; 
the same in number three — the fluid is naturally negative, and 
the zinc naturally positive, (witli re.spect to each other) but as 
there is an accumulation of negative electricity on the ziilc of 
this pair as before stated, it jirevents its associating witli tlie 
negative oxygen of the fluid, so that the action is also 
diminished on this pair, but in the cell of the small pair the 
action goes on uninterruptedly, because there is no accumula- 
tion of cither electricity -on Uic zinc or in the fluid, therefore 
it will be perceived tliat tlie accumulation of the po.sitivc in 
the liquid of the first pair and of negative on the zinc of the 
third pair act a similar part, as a regulator does to a 
STEAM ENGINE, and in consequence of wliich there is no more 
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electricity produced from the large pairs (the coimnenceincnt 
of the action ex(^epted) than from the small pair ; the greater 
the quantity of j)osilive accumulated in the fluids and tlie 
more negative on the zincs, the less die amount of chemical 
action in these cells — It thus necessarily follows, that if this 
be conect, the prevailing opinion that the excess of either 
sort of electricity is innnedialely neutralized by its opposite 
must be incorrect, l)(X‘ause no excess of either can be generated 
save in the first instance^ hut which is not neutralized but 
acts the puipose of regulating tlie action of the acid on the 
zinc — for example — supjiosing the large plates are ten inches 
square, and the small pair only one-lourth the size, and sup- 
posing tliat the large pair is capable of ])roducing four tiujes 
the qumitity of (deetricity that the small pair will, then the 
action of the acid on one inch of the small pair will be as 
much as its action' on four inches of the large pair or four 
times as much on an equal surface, that is, that the mme 
quantity of atoms both of oxygen and zinc will unite in the 
cell with the small pair, as will unite in the cell with the 
large pair — the degree of action being regulated by this 
small pair, wdiich has the effect for tlie above reasons of re- 
ducing the action of the battery to the same standard, as if it 
were composed of an equal number of these small plates, 
proving how necessary it is when w'c w ant large (luaiitities of 
electricity and of a high tension, to be piirticular not to 
introduce a fault}^ pair into the circle. According to tliis 
theory, if there are five or ton pairs of plates increasing in 
size from one to ten inches, tuid the cells supplied with dilute 
acid sp. gr, 10(18 /,tlic zincs being all amalgamated) the hydro- 
gen gas evolved from the ten inch coj>pers ought to he no 
more than that evolved by the one inch coppers in an equal 
time, and the tpiantily of zinc dissoh ed in ea^jh cell ought 
also to be equal. Experiment will prove that' st/ih^is the 
case, I am wndl convinced that the above will be very diffi- 
cult to be understood by llu! general reader, I therefore suggest 
the necessity of his placing before him a drawing of three 
simple circles united Avith each other, the centre one being 
half the size of the others, and I have no doubt that witli a 
little attention — particularly to the first part of this letter, — 
that my theory will be fully comprehended, and that he 
will coincide with me in believing it to he the most plausible 
one of any that has as yet been advanced ; still as it clashes 
with existing opinions — ^perhaps jjrejudices — of course I must 
expect the general attendants inseparable from innovators, 
viz. abuse and ridicuhi ; but no matter, ^^ felix qni poiint 
rersm cognoscere causas,^ 
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In my last letter I also stated tliat I had discovered a plan 
to increase* the intensity of the shocks; I therefore now pre- 
sent you with the method : — * 

A method to increase the intensity of the Shock Apparatus. 

In order to introduce the process more readilv you will be 
pleasect to place before you either a shock apparatus having two 
coils or else theskcteh|of one, (hg.d. pi IX.) and let the two 
screws connected with the terminations of the ])rimaiy coil be 
marked No. 1 P. and No 2 P. and let the two leiminations of 
the secondary coil be marked No. 1 S. and No. 2 S., tliiis we 
.shall have one .side of the ap))aratus marked No. 1 P. iind No. 
1 S., and the other side. No. 2 P. and No, 2 S. 1 ani 
thus particular in my exj)lanations that 1 may be better under- 
stood by all your ri'aders. Now let a wire pa.ss from tin* screw 
No. 1 S. to No. 2 I*, that they may be ewnneeU'd with each 
other. Next let a wire pass through the screw No. 1 P suffi- 
ciently long to be in contact with one polo of the batterv and 
also in contact with one of the handles ; the (rther handle is to 
communicate with No. 2 S, whilst contact «ith the battery is 
broken by means of a wire connected with No. 2 P. Thu.s will 
the shock be <'o;> iderably increased and about fine half the wire 
now used for toe secondary coil may be saved. 

It will at first sight ajijiear to the oiieiator that the immaiy 
and secondary coils-are connected with each other so as to form 
one continuous coil, mid that the increase, of the shock is 
gained on that account ; but witli a little consideration it will 
be evident that this is not the case ; it is true that one end of 
the ])rimarv coil is connected with one end of the secoiulary 
coil, but in order that it should be the effect* fif one continu- 
ous coil, contact with the battery must be brokmi by means 
of a wire connected with No. 2 S instead of No. 2 P, and if 
this be done, k will bo found that the shock is very trifling ; 
therefore *it is clear that the increase of the shock is owing 
to some other cause which I think may be wxplaincd as 
follows : — 

It is well known that a powerful shock can be olitained by 
the use of a primary irire alone ; but, that the shock is very 
considerably increased by coiling round it a secondary wire ; 
in that case however, this latter wire docs not communicate 
either with the battery, or with the primary coil, the current 
giving the shock being what is termed “ the induced current,” 
and wliich depends on the ^irimary wire for its production,— 
the shock being regulated by tlie power of the primaiy coil, 
and also by the length of wire forming the secondary coil, but the 
shock/eB certainly all proceeds from this latter c <iJ, ajjfl iJm 
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shock which the primary coil was capable of giving, as cer- 
tainly lost. Npw it occurred to me tliat some means may be 
adopted to unite this lattt.T shock witli tlje secondary one, so 
that both may he brought into operation, and be made to pass 
through the body at tlic same time, and this is evidently 
effected by the before-mentioned means, for the indiicod cur- 
rent is obtained in an indirect manner, viz. : instead of the 
two (extremities of this wire being in direct contact with tiic 
body as is the common viethoil, only one end is in contact, 
whilst th(i other lias to pass through the hatt(^ry itself, and then 
comes to the l)ody by means of the lumdle connected with 
ihe primary wire .scn‘W, No. 1,1'; it is in tliis manner that the 
secondary euiTcnt is obtained. The ]n*imavy current is 
obtained by itvS passing from the battery through the screw 
No. 2, P, acr«)ss to the screw No. 1, S, tlien circulating tlirough 
the whole length of the secondary coil, and ccmiing into contact 
with tlic body by the liandh^ fastened to the s(‘n;w No. 2, S, 
the other liandle communicating with No. 1, P, and also with 
the battery ; it will he thus ])erceived that the increatted effect 
is owing to the union of the primary current with the 
secondary current^ and hath being made to pass through the 
body at once. With a sketch of a shock ap])aratus placed 
belong you, I have no doubt my ohsorvatioiis will be readily 
understood, for after the screws are marked and lines drawn to 
represent the wires, the whole will aj)])ear very plain. I have 
just construcAinl a snadl ajipavatus on this principle, having 
only four hundred fet't of secondary ire, which is s«> power- 
ful, that no one would be inclined to take the shock a second 
time, even with a single ]^air of half }hnt cylinders. 

J remain^ Mr. Editor^ 

Your obedient Servant ^ 

\V. 11. IIALSE. 

u 

r» rent, near Ashburton. 


LXIV . — An Analysis of Mr. Harris s Investigation of 
Mr. Sturgeon^ s fourth Memoir. 

Dear Sir, — Tn my letter of 2nd December last, piiblisht'd in 
No.22 ot* these -‘b?/m/v,(see page promised to analyze your 

e.vcellent investigation of luy fourth Mentoir ; and now tnatl 
am about to enter on that important task, I must rc<]uestyour 
very patient attention, because, although I may have but little 
to do in this jj^fonnance, 1 am dbsirous of doing that little 
well. Heneo f shall not be enabled to gallop over your excel- 
lent inresHgation as fast as you have done over mv memoir, nor 
shall 1 find tinje to follow your exanijdc in those elegant exultii- 
lioiis in which you have so frequently enjoyed yourself. My 
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business, on this occasion, will be merely that of sepanitinjjf and 
classifjdnj^, the various materials of which yo\ix^ hivcHiigniimt 
is composed, and examining how lar they are concerned in the 
great question at issue. 

You commence your “iiivcstigatiou” in about the usual way 
of introduction ; and if you had not perverted the meaning of 
my motives for submitting my foiulh memoir to the “consider- 
ation of all the learned scientific bodies in Kiirope and Ame- 
rica,” and committed some other inaccuracies, wliich I will 
presently point out, your first panigrajdi might liavi* been all 
very well. Now% instead of my saying that my memoir merited 
the consideration of those learned bodies, I liave said, pretty 
clearly, that it “ is ihaaihjeet ofjnarine Ughhthtg condaelors 
which requires such general attention and rigorous investiga- 
tion” and had 1 denominated those scientilic bodies to which 
I have submit Led till' emisideration of my iiTemoirs, learned, as 
you have done, 1 slionlil ha\e lieen gniltv of an iinpanhiiiable 
insult to all otlii'r sciiiiniiic bodies ; because the adji'i/tivi! scf~ 
enlffic implies learned; and 1 have a right to consiih'r 
that all ficieniijli; l)(Hlies are learned bodies. Now 1 will not 
say that your jierversiou of my statement was inlenlional, I 
shall theri'fore ] dace these two items undiT tlio liead Mislake, 

llicre an*, also other mislakes in your lirst.eompouiid para- 
graph ; for I have nowhere said “tliat a metiillie rod whilst 
transmitting a charge, is always productive of imcerful lat<n*al 
explosions;” nor have I anywheres said that “this elfect, in the 
case of lightning rod, is a very fearful cireumstance.” You 
must necessarily have observed, that the “ Icariid circumstances’’ 
which you mention are pointed out as a])]>liiyhle to gonr own 
liglUning rod wily ; for it was that alone which 1 was investi- 
gating. J Iciice 1 find that yoin first paragraph is a compouml 
of four pure midakes. • 

Your flara graph is of no import, only as a connecting 

lii ' bAw een the first and third. 

I'aragraph 3 contains one Mistake : for I hnve nowhere 
“spoheu in a slighting way” of you; but, on tlie contraiy', J 
have always spoken of you in the most handsome manner. 
Head my memoir over again, and pay particular attention to 
}iaragraphs *215, 21(5, 217, and also my letter to you, dated 
September 12th, 1839, page 191 of this volume. 

Hence you will find that, as a gentleman, I have paid every re.s- 
pect to you ; but as to your experiments performed before the 
Navy Board, &c. you must necessarily pem^ that extent of 
criticism which is allowable bn performances of so singular a 
character ; and I * must repeat that on this pointi have done no 


See last paragraph of my letter to you, p- 192 of this volume. 
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more than to place those experiments in a proper in order 
tliat they may not have that influence oii the readers 

of the Annals1)f Electricity” as they probably had on the Navy 
Board, from a want of that explanation which, in niy opinion, 
you ought officially to have given them. 

Paragraph 4, is plain enougli, and is a good epitome of 
some of Mr, Stephen Grey’s discoveries ; and will, no^doubt, 
be very useful to those readers who were not previously aware 
of copper being a conductor of electricity : and that glass is 
an insulator. Further than this I cannot j)erccive any utility 
of paragraph 4 : and certainly it contains nothing applicable 
to niy experiments. I think it may properly be placed under 
tije head Neutral. 

Paragraph 5, is of a somewhat curiously complicated cha- 
racter. It is a compound of mistakes, exultation, and a desire 
to lead your rearkrs astray. In this paragraph you arc 
attempting to confound some of my experiments with those 
which you have described in paragraph 6, and as they have 
‘‘really nothing ” to do with each other, you are leading your 
readers from one of the items of the main subject ; and as I 
have never made any “ claims to have ” my memoir “ consi- 
dered by all the learned societies of Europe and America,” 
you have, whilst exulting, tumbled into a, what ? Mistake. 

In paragraph (5, your statements are occasionally inconsis- 
tent with themselves, and even contradictory of each other. 
In one part you say, “as the charge accumulates on the inner 
surface, a corresponding quantity of electricity is forced off 
from the outer, and without this double cflect takes place, we 
fail to accumulate a charge.” And to rivet this statement 
firmly as a fact into our noddles ; and “to render it evident” 
to our senses, you describe an illustrative expei iment under 
the head (c). ^Now wc have liardly had lime to see this 
illustrative experiment, before you tell us it is all a (j^?ception ; 
and that if we will read on through the long sentence \f) wc 
shall findamvther illustralioe experiment “ which is sufiicient to 
show, that the accumulated electricity is never exactly balan- 
ced between the opposite coatings, &e.,” so that one of 
these statements is an obvious contradiction of the other. 
You seem to have some vague idea respecting the condition 
of a charged jar : but you do not appear to be aware that the 
electric forces on the opposite sides of a charged jar may 
eitlier be equal or unequal according to circumstances. 
I mention tliis fact with no other -view than that of bringing 
it to your nonce as a piobabte interesting novelty. The 
remainder of arricle G is an acknowledgment tliat a lateral 
spark does take place, with an attempt to give the phenomena 
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n different cxplAnation to that given in mv mennn.i : an 
eKplaiiatioi^ by no means new to tiio partial experiments 
which you have described, but perfeetly inapplicable to mj 
experimeiitd, described in paragraph 20i, of my fourth me- 
moir, page 17d of this volume. 

Paragraghs 7 and 8, are curious specimens of your mode oi 
reasoning on philosophical subjects, and nothing mon\ 

Paragraph !> is simply an extract from my follrt^J memoir. 

1 will not take upon myself to say that, in paragraph 1 0, you 
ha\e “laboured bard to invalidate*my experiments,” but you 
must permit me to point out an error or two into which \ou 
have fallen in your version of tliem. 

1 have not said that “a spark in feltMt every discharge*,” bin 
that “a pungent spark felt ’ if “tlio knuckle wert* 

to bo preseuted to the conducthig rod, ^c.”= Now, in conse^ 
quonceof this little mistake, (I ho[)C it, was not an inten- 
tional perversion) you have been lc<l into a very serious error, 
by supposing that my exiieriments (1 siipi)osc you mean 
results) “could only be produced by conthuiing to work the 
machine in connexion with the jar,” during the time that the 
discharges w^cre made. If, instead of taking upon yourself 
to make such an assertion, you had condescended to repoai 
my exporiments, y<ni would soon have been convinced that 
there is no need of keeping the maclnno in motion, nor any 
necessity for keeping tlie jar in connexion with the wire con- 
ductor, in order to produce the lateral discharge which I havt* 
described. 

Paragraph 11, is descriptive of experiments w hich have no 
bearing whatever on my memoir. U’he host epitome of them 
that I have seen is given by C'avallo, in tfie following note : 
“ If a charged jar be insulated, and discharged with an insu- 
lating discharging rod, after the discharge J)oth the sides of 
the jar, J:ogether with the discharging rod, will be fountl pos- 
scsseQ of the electricity contrary to the electricity of that 
side of the jar which was touched last before ^lie discharge : 
which sliows that one side of a charged electric may contain 
a greater quantity of electricity than tliat, which is sufficient 
to balance the contrary elef*tricity of the opposite side. 1'his 
redundant electricity should be carefully considered in per- 
forming experiments of a delicate nature. 

As> however, you may possibly wish me to notice a few 
items in paragraph 11, I will do so, and begin with the item 
; in which you, witli a very proper motive, introduce 
your unit jar. Take a friend’s advice on this instrument. 


See pa^ 175 of this volume. 
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and never again depend on its indications as a n^enstircr of 
quantities of the electric fluid, for it happens to be no mea- 
surer of either quantity or intensity. Let mo endeavour to 
show you why. With a constant surface of the same coated 
glass, the intensity of the charge is as the qumtity deposited^ 
when the resistance is constant; but under no other circum- 
stance. Now the resistanc.e which a jar offers to the 
introduction of new or succeeding quantities, whilst charging, 
bec,omes gradually greater fjnd greater as the charge advances, 
and consequently requires, from the unit jar, a continually 
incrcasintj cliargo for every successive spark transmitted 
during the whole process of charging. Hence, you see, that 
your supposed units arc continually varying : and your jar no 
measurer of electric action. You might have known this fact 
by placing the knob of a jar at a short distance from the 
jirime conductor, where you would have seen that the sparks 
became less and less frc<]ucnt as the charge advanced. 

Items ( r) and (s) are additional specimens of yonr mode 
of reasoning; and item (t) \s not amiss. 'Jlie two latter 
evince a growing propensity to percusedon powder, but by no 
means any more applicable in this investigation than in your 
illustration of the effects of lightning on a ship’s mast, by the 
wood-splitting apparatus. Your readers (*aii have no doubt of 
your being eminently successful in the w’ood-splitting business 
after roiiding item (s): whereas in passing the slightest 
spark, it (the percussion powder) inflames directly;” and 
they must necessarily acknowledge, tlnit nothing less than the 
most pcnetralinjg* mind could ever have assimilated the cffectH 
of the slightest spark,” with those of a flash of lightning, 
on a ship’s mast. 

Paragraph It?, is simply an epitome of your view, s of your 
described experiments. ^ 

Now comes paragraph 13 witli Jill its singular misrepresen- 
tations, misinterpretations, &c., but I will notice one item only, 
because it is the cleverest of t)je whole, and because by means 
of that item I shall be enabled to show you how easily you may 
be led into a mistake. I w ill premise, hy acknowledging that 
Earl Stanhope was perfectly correct by supposingthat a highly 
charged electric ckuwl would displace a ])ortion of the earth’s 
electric fluid ; and that a pnsi lively charged cloud might thus 
cause a track of country beneath it, to become negatively elec- 
tric ; and so long as only (his phenoinonoii occurred, your inter- 
pretation w’onld be perfectly correct also ; and there would be no 
need of any lightning conductor, because no lightning could pos- 
sibly happen. But you know that lightning does occasionally 
happen: and you ought also to havc"^ known, that if a flash of 
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lightning from thS supposed cloud Fig. C, Plate VII, were to 
strike the supposed conductor cc, that neither that con. 
doctor nor the object beside it, would any longer he in the 
same electric conciition that tliey were in^^mr to the discharge. 
The electric fluid constituting the flash would no longer be in 
the clqud, but would now be in the conductor ce, which 
would become highly eleclro-posftivc during the transit of 
fluid through the metal ; and would thus cause electro-dis- 
placements, and conseejuent electric fliishcs amongst all those 
vicinal conducting bodies which wcl-c sutEcicntly near to each 
other to be within their respective spheres of action. Ilcnce 
you see that your reasoning only applies to the state of the 
clouds and objects beneath them pnw* to the flash of light- 
ning : and at a time when no conductor is needed : but my 
reasoning applies to the electric (‘ondition of a conductor 
wliilst in the absolute capacity of Inimmilting the light ning, 

I hope you now perceive the distinction ; as to the importamte 
of our respective views I must Iea\e you and others to judge. 

Ill your 14th paragraph you obviously rely a great d(»al 
more upon tlio opinion of other persons than upon any 
knowledge of }our own. 1, on llie contrary, do no such 
thing, 1 shall always venerate fViestly as a philosopher, but 
I must speak oiipoinls of doctrine according to my own ex- 
I'orience; and although that einincut electrician did not oh- 
serve the electrical ( fleets of lateral explosions on vicinal 
hodifis, I, and others, have observed them. And if you did 
not kiKjw of this fact before, I should advise you to read 
carefully my fifth memoir, which will very soon appear in 
tlu’sc annals ; and aft(irwards try to repeat some of the expe- 
riments which you will there find dcscvilicd’: and in the mean 
time you may read the Library of Ustfnl Knowledge: and if 
tile facts stated there sliould happen to he “ unfortunate for 
your wh'^le doctrine,” I hope that you will not blame me for it. 

Paragraph 15 declares that you have no knowledge what- 
ever of the ‘‘ radiation of electric matter from conductors car- 
rying the primitive discharge.” Here again I must crave 
your indulgence not to blame me for your not being acquainted 
with this fact. I sincerely wish you had a better practical 
acquaintance with electrical phenomena than that w'hich your 
investigation indicates, as it would have saved much trouble 
in bringing many common place facts to your notice. Item 
(v) is akin to item (p ) ; and the air electro^thermometer on a 
par with the unit jar. Let me give you another picc(J of 
wholesome advice. Never afgain trust to an electro-measuring 
apparatus^ until you have first become well acquainted with 
its capabilities and \X\e principles of its actiou. 
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Paragraph 16 is a neutral: and paragraph 18^ is simply a 
short extract: and paragrapli 19 may be dismissed under the 
same head. 

Paragraph 19, though mostly quotations, is a very important 
paragraph, because it is made the basis of all the unelectric 
matter of all the succeeding paragraphs in the investigation : 
and I am very glad that I am so near the end of it, for 
I am heartily tired of wading through su(di a mass of 
material as your investigation as composed of. Nov, 
Sir, this unfortunately mischievous word infinitely^ has given 
you a great deal of unnecessary trouble, for which I am 
exceedingly sorry. Had I said immensely instead of infinitely^ 
I should have been mftre correct, and you would have had 
less trouble. 

I do not find any thing further in your investigation except- 
ing some trifling unelectro-invective, which 1 have neither 
time nor inclination to notice. I sincerely wish you had been 
more serious and more scientific in your investigation^ as it 
w^ould then have been a pleasure to reason with you, and point 
out many other facts which bear upon the great question at 
issue. 

I am, dear Sir, 

Yours very truly, 

WILLIAM STURGEON. 


To W. Snow Harris, Esq. 
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§. 18. On Induct io7K 1| i. Induction an action of con- 

tiguous particles. If ii. jihsolutc. charge of nialtcr. 
II iii. Klcctromutcr and inductive apparatus crnplopcd. 
If iv. Induction in curn d lines. If v. Sperijic inductive 
capacit//. If vi. General results as to induction. 

If i. Induction an action of contiguous particles, 

1 IGI. 'Fho science of electricity is in tliat state in which 
every pjirt erfit requires experimental investigation ; not merely 
for the discovery of new effects, but, what is just now of far 
more importance, the development of the maans by which 
the old effects are produced, and the consequent inore accurate 
determination of the first principles of action of the most extra- 
ordinary and universal power in nature: — and to those philoso- 
phers who pursue the inquiry zealously yet cautiously, combin- 
ing experiments with analogy, suspicious of tlieir preconceived 
notions, paying more respect to a fact t lian a theor} , not too hasty 
to generalize, and above all things, willing at every step to cross- 
examine their own opinions, both by reasoning and experiment , 
no branch of knowledge can afford so fine and ready a field for 
discovery as this. Such is most abundantly shown to be the 
case by the progress which electricity has made in the last 


* From life Transactions of the Royal Society. 

VoL. IV.— No. 11b .//////, 1830. A 
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thirty years: Chemistry and Magnetism have successively 
acknowledged its overruling influence; and it is probable that 
every effect depending upon the powers of inorganic matte;, 
and perhaps most of those related to vegetable and anfmal 
life, will ultimately be found subordinate to it. 

11G2. Amongst the actic is of different kinds into which 
electricity has conventionally been subdivided, there is, I 
think, none which excels or even equals in importance that 
called Induction. It is of the most general influence in elec- 
trical pheenomena appearing to be concerned in every one of 
them, and has in reality the character of a first, e.^scnliab and 
fundamental principle. Its comprehension is so important, 
that I think we cannot proceed much further in the investiga- 
tion of the laws bf electricity without a more thorough under- 
standing of its nature; how otherwise can we hope to coin- 

1 )rehend the harmony and even unity of action which doubt- 
ess governs electrical excitement by friction, by chemical 
means, by heat, by magnetic influence, by evaporation, and 
even by the living being? 

1 163. In the long-continued course of experimental inquiry 
in which I have been engaged, this general result has pressed 
upon me constantly, namely, the necessity of- admitting two 
forces, or two forms or directions of a force (5 lo.5l7.), com- 
bined with the impossibility of separating these two forces (or 
electricities) from each other, eilher in the phaenomena of sta- 
tical electricity or those of the current. In association with 
this, the impossibility under any circumstances, as yet, of abso- 
lutely charging matter of any kind with one or the other elec! ri- 
city dwelt on my mind, and inacle me wish and search for a 
clearer view than any that 1 was acquainted with, of the way in 
which electrical powers and the particles of matter*are iselated; 
especially in inductive actions upon which almost all others 
appeared to rev»t. 

1164. When I discovered the general fact that electrolytes 
refused to yield their elements to a current when in the solid 
state though they gave them forth freely if in the liquid con- 
dition (380. 394. 402.), I thought I saw an opening to the elu- 
cidation of inductive action and the possible subjugation of 
many dissimilar phsenomena to one law. For let the electro- 
lyte be water, a plate of ice being coated with platina foil on its 
two surfaces, and these coatings connected with any continued 
source of th^ two electrical powers,*the ice will charge like a 
Leyden arrangement, presenting a case of common induction, 
but nocurrent will pass. If the ice be liquefied, the induction will 
fall to a certain degree, because a current can now pass ; but its 
passing is dependent upon a peculiar molecular drrangement 
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of the particles consistent with transfer of the elements of the 
the electrolyte in opposite directions, the degree of discharge and 
tli\; quantity of elements evolved being exactly pioportioned to 
each\)ther (377. 7M3.). Whether the charging of the metallic 
coating be effected by a powerful electrical machine, a strong 
and large voltaic l)attery, or a siijgle pair of plates, makes no 
difference in the principle, but dnly in the degree of action 
(360.). Common induction lakes place in each case if the 
electrolyte be solid, or if fluid chemical action and decomposi- 
tion ensue, provided opposing actions do not interfere: and it 
is of high importance occasionally thus to compare eiFects in 
their extreme degrees, for the purpose of enabling us to 
comprehend the nature of an action in its weak state, which 
may beonly sufliciently evident to us in ifti stronger condition. 
As, therefore, in the electrolyte, induction appeared to be 
the Jirst step, and decompositioji the second (the power of 
se})arating these steps from each other by giving the solid or 
fluid condition being in our hands); as the induction was the 
same in its nature as that through air, glass, wax, &c. pro- 
duced by any of the ordinary means ; and as the whole effect 
in the electrolyte appeared to be an action of the particles 
thrown into a peculiar or polarized state, 1 was led to suspect 
that common induction itself was in all cases an action of 
contiguous particles, and that electrical action at a distance 
(i. e. ordinary inductive action) never occurred except through 
the intermediate influence of the intervening matter. 

1 165. The respect which I entertain to^^rds the names of 
Epinus, Cavendish, Poisson, and other most eminent men, all 
of whose theories 1 believe consider induction as an action at 
a distance and in straight lines, long indisposed me to the 
view 1 h^ve jhst stated; and though I always watched for op- 
portutKties to prove the opposite opinion, and made such ex- 
periments occasionally as seemed to bear directljTon the point, 
as, for instance, the examination of electrolytes, solid and 
fluid, whilst under induction by polarized light (951 ,955.), it is 
only of late, and by degrees, that the extreme generality of the 
subject has urged me still further to extend my experiments 
and publish my view. At present I believe ordinary induc- 
tion in all cases to be an action of contiguous particles, con- 
sisting in a species of polarity, instead of being an action of 
either particles or masses*at sensible distances: and if this be 
true, the distinction and establishment of such a truth must 
be of the greatest consequence to our further progress in the 
investigation of the nature of electric forces. I'hc linked con- 
dition of electrical induction with chemical decomposition; 
of voltaic excitement with chemical action ; the transfer of 

2 A 



4 Dr. Faraday’s erpcrlmental researches iv clectr Icily, 

elements in an electrolyte ; the original cause of excitement 
in all cases; the nature and relation of conduction and insu- 
lation; of the direct and lateral or transverse action con/;ti- 
tuting electricity and magnetism; with many other tfiiings 
more or less incomprehensible at present, would all be affected 
by it, and perhaps receive | full explication in their reduction 
under one general law. • 

1166. I searched for an unexceptionable test of my view 
not merely in the accordance of known facts with it, hut in 
the consequences which would flow from it if true; especially 
in those which would not be consistent with the theory of ac- 
tion at a distance. Such a consequence seemed to me to pre- 
sent itself in the direction in which inductive action could be 
exerted. If in straight lines only, though not perhaps decisive, 
it would be agaii»st my view ; if in curved lines also, that would 
be a natural result of the action of contiguous particles, but I 
think utterly incompatible with action at a distance, as assumed 
by the received theories, which according to every fact and 
analogy we are acquainted with, is always in straight lines. 

1167. Again, if induction be an action of contiguous par- 
ticles, and also the first step in the process of electrolyza.ion 
(1164, 949,), there seemed reason to expect some particular 
relation of it to the different kinds of matter through which it 
would be exerted, or something equivalent to a specific elec- 
tric induction for different bodies, which, if it existed, would 
unequivocally prove the dependance of induction on the par- 
ticles ; and though this, in the theory of Poisson and others, 
has never been supposed to be the case, I was soon led to 
doubt. the received opinion, and have taken great pains in sub- 
jecting this matter to close experimental examination. 

1 16S. Another ever-present question on my mincthas been 
whether electricity has an actual and independent existence 
as a fluid orHlu'ds, or was a mere power of matter, like what 
we conceive of the attraction of gravitation. If determined 
either w ay it would be an enormous advance in our knowledge ; 
and as having the most direct and influential bearing on m y 
notions, 1 have always sought for experiments which would in 
any way tend to elucidate that great question. It was in at- 
tempts to prove the existence of electricity separate from mat- 
ter, by giving an independent charge of either positive or ne- 
gative power to some substance, and the utter failure of all 
such atteinps, whatever suhsta'nce was used or whatever 

means of exciting or electricity were employed, that 

first drove me to look upon induction as an action of the par- 
ticks of matter, each having both forces developed in it in ex- 
actly equal amount. It is this circumstance, “in connexion 
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with others, which makes me desirous of placing the remarks 
on al}Solute charge first, in the order of proof and argument, 
which I am about to adduce in favour of my view, that elec- 
tric ^induction is an action of the contiguous particles of the 
insulating medium or di-electric, 

% ii. On the absolute (j/iarge of matter. 

1169. Can matter, either conducting or non-conducting, 
be charged with one electric force independently of the other 
in the least degree, either in a sensible or latent state / 

1170. The beautiful experiments of Coulomb upon the 
equality of action of conductors^ whatever their substance, and 
the residence of all the electricity upou^their surfaces,* are 
sufficient, if properly viewed, to prove that conductors cannot 
be bodily charged; and as yet no means of communicating 
electricity to a conductor so as to relate its particles to one 
electricity, and not at the same lime to the other in exactly 
equal amount, has been discovered. 

1 171. With regard to electric or non-conductors, the con- 

clusion does not at first seem so clear. They may easily be 
electrified bodily, either by communication (1247.) or excite- 
ment ; but being so charged, every case in succession, when 
examined, came out to be a case of induction, and not of ab- 
solute charge. Thus, glass within conductors could easily 
have parts not in contact with the conductor brought into an 
excited state ; but it was always found that a portion of the 
inner surface of the conductor was in an opposite and equiva- 
lent state, or that another part of the glass itself was in an 
equally opposite state, an inductive charge and not an absolute 
charge having been acquired. * 

Well-purified oil of turpentine, which I find to be 
an excellent liquid insulator for most purposes, was put into 
a metallic vessel, and being insulated, was charged, sometimes 
by contact of the metal with the electrical maehine, and at 
others by a wire dipping into the fluid within ; but whatever 
the mode of communication, no electricity of one kind was re- 
tained by the aiTangement, except what appeared on the ex- 
terior surface of the metal, that portion being there only by 
an inductive action through the air around. When the oil of 
turpentine was confined in glass vessels, there were at first 
some appearances as if the f^uid did receive an absolute charge 
ofelectricity from the charging wire, but these were quickly 
reduced to cases* of common induction jointly through the 
fluid, the glass, and the surrounding air. 

* M(moires*de rAcadernie, 1786 , pp. 67 , 69 , 72 ; 1787 . p. 452 . 
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1173, I carried these experiments on with air to a very 
great extent. I had a chamber built, l)eing a cube of twelve 
feet in the side. A slight cubical wooden frame was construed, 
and copper wire passed along and across it in various direc- 
tions, so as to make the sides a large net-work, and then all 
was covered in with paper# placed in close connexion with 
the wires, and supplied in Avery direction with Bands of tin- 
foil, that the whole might be brought into good metallic com- 
munication, and rendered a free conductor in every part. This 
chamber was insulated in the lecture-room of the Royal In- 
stitution ; a glass tube about sijc feet in length was pas.<!ed 
through its side, leaving about four feet within and two feet 
on the outside, and through this a wire passed from the large 
electrical machine to the air within. By working the 
machine, the air within this chamber could be brought inlo 
what is considered a highly electrified slate (being, in fact, the 
same state as that of the air of a room in which a powerful 
machine is in operation) and at the same time the outside of 
the insulated cube was everywhere strongly charged. But 
putting the chamber in communication with the perfect dis- 
charging train described in a former series (292.), and work- 
ing the machine so as to bring the air within to its utmost de- 
gree of charge, if I quickly cut oil' the connexion with the 
machine, and at the same moment or instantly after insulated 
the cube, the air within had not the least power to communi- 
cate a further charge to it. If any portion of the air was 
electrified, as glass or other insulators may be charged (1171), 
it was accompanied by a corresponding opposite action within 
the cube, the whole effect being merely a case of induction. 
Every attempt k) charge air bodily and independently with 
the least portion of either electricity failed. * o 

1174. I put a delicate gold-leaf electrometer witKin the 
cube, and thfe charged th*rhole by an communication, 

very stronglj^ fur some time together; but neither during the 
charge or after the discharge did the electrometer or air within 
show the least sign of electricity. I charged and discharged 
the whole arrangement in various ways, but in no case could 
I obtain the least indication of an absolute charge ; or of one 
by induction in which the electricity of one kind had the small- 
est superiority in quantity over the other. I went into the 
cube and lived in it, and using lighted candles, electrometers, 
and all other tests of electrical states, 1 could not find the least 
influence upon them, or indication of anything particular 
given by them, though all the time the outside of the cube 
was powerfully charged, and large sparks and brushes were 
darting off* from every part of its outer surface. The conclu- 
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sioii I have come to is, that non-conduclors, as well as con- 
ductors, have never yet had an absolute and independent charge 
of one electricity communicated to them, and that to aJl ap- 
pearance such a state of matter is impossible. 

1 175. There is another view of this question which may be 
taken under the supposition of the CKistencc of an electric 
fluid or fluids. It may be imposiiblc to have the one fluid or 
state in a free condition without its producing by induction the 
other, and yet possible to nave cases in which an insulated por- 
tion of matter in one condition being uncharged, shall, by a 
change of state, evolve one electricity or the other : and though 
such evolved electricity mi^t immediately induce the oppo- 
site state in its neighbourhood, yet the mere evolution of one 
electricity without the other in the firsts instance ^ would be a 
very important fact in the theory which assumes a fluid or 
fluids; these theories as I understand them assigning not the 
slightest reason why such an effect should not occur. 

1 176. But on searching for such cases I cannot find one. 
Evolution by friction, as is well known, gives both powers in 
equal proportion. So does evolution by chemical action, not- 
withstanding the great diversity of bodies which may be em- 
ployed, and the enormous quantity of electricity which can in 
this manner be evolved (3/1. 376.861.868.). The more 
promising cases of change of slate, whether by evaporation, 
fusion, or the reverse processes, still give both forms of the 
power in eqt/al proportion; and the cases of splitting of mica 
and other crystals, the breaking of sulphur, (^c, &c., are sub- 
ject to the same limitation. 

1 177. As far as experiment has proceeded, it appears, there- 
fore, impossible either to evolve or make disappear one elec- 
tric force without equal and corresponding change in the 
other. It is also equally impossible experimentally to charge 
a portion of matter with one el^tric force independently of 
the other. Charge always impims induction^ fpr it can in no 
instance be effected without ; and also the presence of the tivo 

• forms of power, equally at the moment of development and 
afterwards. There is no absolute charge qf matter with one 
fluid; no latency of a single electricity. This though a nega^ 
lively result is an exceedingly important one, being probably 
the consequence of a natural impossibility, which will become 
clear to us when we understand the true condition and theory 
of the electric power. • 

1178. Tha preceding considerations already point to the 
following conclusions : bodies cannot be charged absolutely, 
but only negatively, and by a principle which is the some with 
that of indmtion. All charge is sustained by induction. All 
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phsBnomena oiintensity include the principle of induction. All 
excitation is dependent on or directly related to induction. All 
involve previous intensity and therefore previous in- 
duction. Induction appears to be the essential function hoth 
in the first development and the consequent phaenomena of 
electricity. 

If iii. Electrometer and inductive apparatus employed. 

• 

1179. Leaving for a time the further consideration of the 
preceding facts until they can be collated with other results 

^ bearing directly on the great question of the nature of induc- 
lion^ I will now describe the appe^atus I have had occasion 
to use ; and in proportion to the importance of the principles 
sought to be established is the necessity of doing this so clearly 
as to leave no doubt of the results behind. 

1 180. Electrometer. The measuring instrument I have em- 
ployed has been the torsion balance electrometer of Coulomb, 
constructed, generally, according to his instructions,* but with 
certain variations and additions, which I will briefly describe. 
The lower part was a glass cylinder eight inches in height and 
eight inches in diameter ; the tube for the torsion thread 
was seventeen inches in length. The torsion thread itself was 
not of metal, but glass, according to the excellent suggestion 
of the late Dr. Ritchic.t It was tw^enty inches in length, and 
of such tenuity that when the shell lac lever and attached ball, 
&c. were connected with it, they made about ten vibrations in 
a minute. It woulfl bear torsion through four revolutions, or 
1440^ and yet when released, return accurately to its po- 
sition ; probably it would have borne considerably more than 
this without injury. The repelled ball was of pith, gilt, and 
was 0*3 of an inch in diameter. The horizontal stem /)r lever 
supporting it was of shell lac, according to Coulomb’s direc- 
tion, the arm \)arrying the ]||tll being 2*4 inches long and the 
other only 1*3 inches : to this was attached the vane, also de- 
scribed by Coulomb, which I found to answer admirably its 
purpose of (juickly destroying vibrations. That the inductive 
action within the electrometer might be uniform in all posi- 
tions of the repelled ball and in all states of the apparatus, 
two bands of tin foil, about an inch wide each, were attached 
to the inner surface of the glass cylinder, going entirely round 
it at a distance of 0*4 of an inch from each other, and at 
such a height that the intermediates clear surface was in the 
same horizontal plane with the lever and ball. * I'hese bands 

* M6moiresde 1’ Academic, 1785, p. 570. 

+ Phil. Trans., 1830. 
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were connected with each other and with the earth, and, being 
perfect conductors, always exerted a uniform influence on the 
electrified balls within, which the glass surface, from its irre- 
gula^ity of condition at different times, I found,, not. 
I or the purpose of keeping the air within the electrometer in 
a constant state as to dryness, a glass dish, of such size as to 
enter easily within the cylinder, jiad a layer of fused potash 
placed within it, and this being covered with a disc of fine 
wire gauze to render its inductive action uniform at all parts, 
was placed within the instrument at the bottom and left there. 

1 IH 1. I'he moveable ball used to take and measure the por- 
tion of electricity under examination, and which maybe called* 
the repelling^ or the carrier, ball, was of soft alder wood, well 
and smoothly gilt. It was attached to q. fine shell lac stem, 
and introduced through a hole into the electrometer accord- 
ing to C(;uloinb’s method : the stem was fixed at its upper end 
in a block or vice, supported on three short feet : and on the 
siirlace of the glass cover above was a plate of lead with stops 
on it, so that when the carrier ball was adjusted in its right 
position, with the vice above bearing at the same time against 
these stops, it was perfectly easy to bring away the carrier 
ball and restore it to its place again very accurately, without 
any loss of time. 

1 182. It is quite necessary to attend to certain precautions 
respecting these balls. If of pith alone they are bad; for 
when very dry, that substance is so imperfect a conductor 
that it neither receives nor gives a charge freely, and so, after 
contact with a charged conductor, isliablcf to be in an uiyer- 
tain condition. Again, it is difliicult to turn pith so smoothly 
as to leave the ball, even when gilt, sufficiently free from irre- 
gularities ef form, as to retain its charge undiminished for 
a considerable length of time. When therefore the balls 
are finally prepared and gilt they should be ^examined, and 
being electrified, unless they calf hold their cliarge with very 
little diminution for a considerable time, and yet^'be discharged 
instantly and perfectly by the touch of an uninsulated con- 
ductor, they should be dismissed. 

1 183. It is, perhaps, unnecessary to refer to the graduation 
of the instrument, further than to explain how the observations 
were made. On a circle or ring of paper on the outside of 
the glass cylinder, fix^d so as to cover the internal lower 
ring of tin foil, were marked four points corresponding to an- 
gles of 90*; four other points exactly corresponding to these 
points being marked on the upper ring of tin foil within. By 
these and the adjusted screws, on which the whole instrument 
stands, the*glass torsion thread could be brought accurately 
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into the centre of the instrument and of the graduations on 
it. From one of the four points on the exterior of the cylin- 
der a graduation of was set off, and a corresponding gra- 
duatiojai was placed upon the upper tin foil on the opposite 
aide of the cylinder within ; and a dot being marked on that 
point of the surface of the repelled ball nearest to the side of 
the electrometer, it was easy| by observing the line which this 
dot made with the lines of the two graduations just referred 
to, to ascertain accurately the position of the ball. The upper 
end of the glass thread was attached, as in Coulomb’s original 
electrometer, to an index, which had its appropriate graduated 
circle, upon which the degree of torsion was ultimately to be 
read off. 

1 184. After the levelling of the instrument and adjustment 
of the glass thread, the blocks which determine the place of 
the carrier hall are to be regulated (1181) so that, when the 
carrier arrangement is placed against them, the centre of the 

R ball may be in the radius of the instrument coiTesponding to 
0® on the lower graduation or that on the side of the electro- 
meter, and at the same level and distlhice from the centre as 
the repelled hall on the suspended torsion lever. Then the 
torsion index is to be turned until the ball connected with it 
(the repelled ball) is accurately at 30'", and finally the gra- 
duated arch belonging to the torsion index is to be adjusted so 
as to bring 0'^ upon it to the index. 1 his state of the instru- 
ment was adopted as that which gave the most direct expres- 
sion of the experimental results, and in the form having few- 
est^yariable errorsV the angular distance of 30^" being always 
retained as the standard distance to which the balls were in 
every case to be brought, and the whole of the torsion l)eing 
read off at once oh the graduated circle above. Under these 
circumstances the distance of the balls from each otHert was 
not merely thq^same in degree, but their position in the in- 
strument, and in relation to every part of it, was actually the 
same every time that a measurement was made ;*so that all 
irregularities arising from slight difference of form and action 
in the instrument and the bodies around were avoided. The 
only difference which could occur in the position of anything 
within, consisted in the deflexion of the torsion thread from a 
vertical position, more or less, according to the force of re- 
pulsion of the balls ; but this was so ^li^ht as to cause no in- 
terfering difference in the symmetry oi form within the in- 
strument, and gave no error in the amount of torsion force 
indicated on the graduation above. 

1 185. Although the constant angular distance of 30° be- 
tween the centres of the balls was adopted, and fomid abun- 
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dantly sensible, for all ordinary purposes, yet the facility of 
rendering the instrument far more sensible, by diminishing 
this distance was at perfect command ; the results at different 
distances being very easily compared with each either 

by experiment, or, as they are inversely as the squares of the 
distances, by calculation. 

1186. I'he Coulomb balancg electrometer requires expe- 
rience to be understood ; but I think it a very valuable instru- 
ment in the hands of those who will take pains by practice and 
attention to learn the precautions needful in its use. Its insu- 
lating condition varies with circumstances, and should be ex- 
amined before it is employed in experiments. In an ordinary 
and fair condition, when the balls were so electrified as to give 
a repulsive torsion force of 40(3* at the standard distance of 30* 
it took nearly four hours to sink to 50^ at the same distance ; 
the average loss from 4(X)"' to being at the rate of 2 '*7 
per minute, from 300“ to 20i)“ of T * 7 per minute, from 200* 
to 100' of 1“'3 per minute, and from 100“ to 50* of 0“’87 per* 
minute. As a complete measurement l)y the instrument may 
be made in much lessitian a minute, the amount of loss in 
that time is but small, and can easily be taken into account. 

1 187. The inductire apparatus . — My object was toexamine 
inductive action carefully when taking place through diilercnt 
media, for which purpose it \vas necessary to subject tliese 
media to it in exactly similar circumstances, and in such quan- 
tities as should suffice to eliminate any variations they might 
present. The requisites of the apparatus to he constructed 
were, therefore, that the inducting surfadbs of the condijctors 
should have a constant form and state, and be at a constant 
distance from each other ; and that either solids, or fluids, or 
gases might be placed and retained between these surfaces 
wiljh readiness and certainty, and for any length of time. 

1188. The apparatus used may be descybed in general 
terms as consisting of two metallic spheres of unequal diame- 
ter, placed, the smaller within the larger, and concentric with 
it; the interval between the two being the space through 
which the induction was to take place. A section of it is 
given (fig. 1, Plate L) a, a, are the two halves of a 
brass sphere, with an air-tight joint at b, like that of the 
Magdeburg hemispheres, made perfectly flush and smooth 
inside so as to presgit no irregularity; c is a connecting 
piece by which the apparatus is joined to a good stop-cock 
rf, which is Uself attached either to the metallic foot c, or to 
an air pump. The aperture within the hemisphere at / is very 
small; g- is a brass collar fitted to the upper hemisphere, 
tlirough which the shell lac support of the inner ball and its 
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stem passes; h is the inner ball, also of brass; it screws on to 
a brass stem 2 , terminated above by a brass ball B ; / is a 

mass of shell lac, moulded carefully on to and serving both 
to suppu^l and insulate it and its balls h, B. The shell-lac 
stem / is titled into the socket g, by a little ordinary resinous 
cement, more fusible than shelf lac, applied at m m in such a 
way as to give sufficient strength and render the apparatus 
air-tight there, yet leave as much as possible of the lower 
part of the shell-lac stem untouched, as an insulation between 
the ball h and the surrounding sphere a, a. The ball h has 
a small aperture at so that when the apparatus is exhausted 
of one gas and filled with another, the ball h may itself also 
be exhausted and filled, that no variation of the gas in the 
interval o may occur during the course of an experiment. 

1189. The inner ball has a diameter of 2.33 inches, and the 
surrounding sphere an internal diameter of 3.57 inches. Hence 
the width of the intervening space, through which the induction 

• is to take place, is 0.62 of an inch ; and the extent of this place 
or plate, i.e. the surface of a medium sphere, may be taken as 
twenty-seven square inches, a quantity considered as suffi- 
ciently large for the comparison of diflTerent substances. 
Great care was taken in finishing well the inducing surfaces 
of the ball h and sphere fl, a ; and no varnish or lacquer was 
applied to them, or to any part of the metal of the apparatus. 

1190. The attachment and adjustment of the shell-lac stem 
was a matter requiring considerable care, especially as, in con- 
sequence of its cracking, it had frequently to be renewed. 
The best lac was chosen and applied to the wire i, so as to 
be in good contact with it everywhere, and in perfect conti- 
nuity throughout its own mass. It was not thinner than is 
given by proportion in the drawing, for when less it>lrequently 
cracked within a few hours after its cooling. F think that 
very slow cooljpg or annealing improved its quality in this 
respect. The collar g was made as thin as could be, that the 
lac might be as large there as possible. In order thlt at every 
re-attachment of the stem to the upper hemisphere the ball h 
might have the same relative position, a gauge p (fig. 2 ) was 
made of wood, and this being applied to the ball and hemi- 
sphere whilst the cement at m was still soft, the bearings of 
the ball at q g, and the hemisphere at r r, were forced home, 
and the whole left until cold. Thus 4 II difficulty in the ad- 
justment of the ball in the sphere was avoided. 

1191. I had occasion at first to attach the stem to the 
socket by other means, as a band of paper or a plugging of 
white silk thread; but these were very inferior to the cement, 
interfering much with the insulating power of the apparatus. 
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1192. The retentive power of this apparatus was, when iu 

good condition, better than that of the electrometer (llKG), 
i. e. the proportion of loss of power was less. Thus wj^'n the 
apparatus was electrified, and also the balls in tb^lectro- 
meter, to such a degree, that after the inner ball had been in 
contact with the top of k of the ball of the apparatus, it 
caused a repulsion indicated by 800° of torsion force, then in 
falling from C00° to 400° the average loss was 8°.6 per minute ; 
from 4C0° to 300° the average loss was 2°.6 per minute; from 
300° to 200° it was 1°.7 per minute; from 200° to 170* it was 
1° per minute. This was after the apparatus had been charged 
for a short time; at the first instant of charging there is an 
apparent loss of electricity, which can only be comprehended 
hereafter (1007. 1250.). • 

1 193. When the apparatus loses its insulating power sud- 

denly, it is almost always from a crack near to or within the 
brass socket. These cracks are usually transverse to the 
stem. If they occur at the part attached by common cement 
to the socket, the air c^not enter, and being then as a vacua, 
they conduct away th*electricity and lower the charge, as 
fast almost as if a piece of metal had been introduced there. 
Occasionally stems in this state, being taken out and cleared 
from the common cement, may, by the careful application of 
the heat of a spirit lamp, be so far softened and melted as to 
renew perfect continuity of the parts; lut if that does not 
succeed in restoring things to a good condition, the remedy 
is a new shell-lac stem. , 

1194. The apparatus when in order could easily be ex- 
hausted of air and filled with any given gas ; but when that 
gas was acid or alkaline, it could not properly be renmved by 
the ais-puihp, and } et required to be perfectly cleared away. 
In ^uch cases the apparatus was opened and cleared; and 
with respect to the inner ball A, it was washed out two or 
three timeg with distilled water introduced at the screw hole, 
and then being heated above 212°, air was blown through to 
render the interior perfectly diy. 

1195. The inductive apparatus described is evidently a 
Leyden phial, with the advantage, however, of having the di- 
electric or insulating medium changed at pleasure. The balls 
h and B, with the connecting wire i, constitute the charged 
conductor, upon the surface of which all the electric force is 
resident by virtue of induction (1178). Now though the 
largest portion of this induction is between the ball h and the 
surrounding sphere a a, yet the wire i and the ball B deter- 
mine a part of the induction from their surfaces towards the 
external sifrrounding conductors. Still, as all things in that 
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respect remain the same, whilst the medium within at o o may 
he varied, any changes exhibited by the whole apparatus will 
in suet cases depend upon the variations made in the interior ; 
and it Wis these changes I was in search of, the negation or 
establishment of such difiercnccs being the groat object of luy 
inquiry. I considered that these dillercnccs, if they existed, 
would be most distinctly setrforth by having two apparatus of 
the kind described, precisely similar in every respect ; and 
then, diilerent insulating media being within, to charge one 
and measure it, and after dividing the charge with (he other, 
to observe what the ultimate conditions of both were. If in- 
sulating media really had any specific differences in favouring 
or opposing inductive action through them, such dilli rences, 
1 conceived, could not fail of being developed by such a pro- 
cess. 

1 190. I will wind up this description of the apparatus, and 
explain the precautions necessary in their use, by describing 
the form and order of the experiments made to prove their 
equality when both contained common air. In order to fa- 
cilitate reference I will distinguish the*two by the terms App. 
i, and App. ii. 

1 197. The electrometer is first to be adjusted and examined 
(ILS4), and the app. i. and ii. are to be perfectly discharged. 
A Leyden phial is to be charged to such a degree that it would 
give a spark of about one sixteenth or one twentieth of an inch 
in length between two balls of half an inch diameter ; and the 
carrier ball of the electrometer being charged by this phial, is 
to be introduced into th^ electrometer, and the lever ball 
brought by the motion of the torsion index against it; the 
charge is thus divided between the balls, and repulsion ensues. 
It is useful then to bring the repelled ball to tlie slfiiulayd dis- 
tance of 30"* by the motion of the torsion index, and observe 
the force in degrees required for this purpose; this force will 
in future experiments be called repulsion of the halls. 

1 198. One of the inductive apparatus, as for instance, app. 
i., is now to be charged from the Leyden phial, the latter 
being in the state it was in when used to charge the balls; 
the carrier ball is to be brought into contact with the top of 
its upper hall (A. fig. 1), then introduced into the electrome- 
ter, and the repuLive force (at the distance of 30'^) measured. 
Again, the carrier should be applied, to the app. i. and the 
measurement repeated; the apparatus i. and ii. are then to be 
joined, so as to divide the charge, and afterwards the force of 
each measured by the carrier ball, applied as before, and the 
results carefully noted. After this both i. and ii. are to be 
discharged; then app. ii. charged, measured, divided with 
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app. i., and the force of each again measured and noted. If 
in each case- the half charges of app. i, and ii. are equal, ai\d 
are together equal to the whole charge before division ,j^en it 
may be considered as proved that the two apparatus^i^ pre- 
cisely equal in power, and fit to be used in cases of comparison 
between difterent insulating media or dielectrics. 

1199. But the precautions neco&heLry to obtain accurate re- 
sults are numerous. The apparatus i. and ii. must always be 
placed on a thoroughly uninsulating medium. A mahogany 
table, for instance, is far from satisfactory in this respect, and 
therefore a sheet of tin foil, connected with an extensive dis- 
charging train ("^92,), is what I have used. They must be so 
placed also as not to be too near each other, and yet equally 
exposed to the inductive influence of surre^nding objects; and 
these objects, again, should not be disturbed in then* position 
during an experiment, or else variations of induction upon 
the external ball B of the apparatus may occur, and so errors 
be introduced into the results. The carrier ball, when re- 
ceiving its portion of electricity from the apparatus, should 
always be applied at the i§amc part of the ball, as, for instance^ 
the summit A, and always in the same way; variable induction 
from the vicinity of the head, hands, &c. being avoided, and 
the ball after contact being withdrawn upwards in a regular 
and constant manner. 

1200. As the stem had occasionally to be changed (1190.), 
and the change might occasion slight variations in the position 
of the ball within, I made such a variation ^purposely, to the 
amount of an eighth of an inch (which is far more than ever 
could occur in practice), but did not find that it sensibly altered 
the relation of the apparatus, or its inductive condition as a 
vjhole. Another trial of the apparatus was made as to the 
efiectfof^ dampness in the air, one being filled with very dry 
air, and the other with air from over water. ^Though this 
produced no change in the result, except an occassional tend- 
ency to more rapid dissipation, yet the precaution was always 
taken when working with gases (1290.) to dry them per- 
fectly. 

1201 . It is essential that the interior of the apparatus should 
be perfectly free from dust or small loose particles, for these 
very rapidly lower the charge and interfere on occasions when 
their presence and action would hardly be expected. To 
breathe on the interior of the apparatus and wipe it out quietly 
with a clean silk Imndkerchief, is an effectual way of removing 
them; but then the intrusion of other particles should be care- 
fully guarded against, and a dusty atmosphere should for this 
and several other reasons be avoided. 
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1202. I'he shell lao stem requires occasionally to be well 
wiped, to remove, in the first instance, the film of wax and 
adher'qs matter which is upon it ; and afterwards to displace 
dirt aniT'Iust which will gradually attach to it in the bourse 
of experiments. I have found much to depend upon this 
precaution, and a silk handkerchief is the best wiper. 

1203. But wiping and some other circumstances tend to 
give a charge to the surface of the shell lac stem. I'his should 
be removed, for, if allowed to remain, it very seriously affects 
the degree of charge given to the carrier ball by the apparatus 
(1232). This condition of the stem is best observed by dis- 
charging the apparatus, applying the carrier ball to the stem, 
touching it with the finger, insulating and removing it, and 
examining whether ft has received any charge (by induction) 
from the stem; if it has, the stem itself is in a charged state. 
The best method of removing the charge I have found to be, 
to cover the finger with a single fold of a silk handkerchief, 
and breathing on the stem, to wipe it immediately after with 
the finger, the ball B and its connected wire, &c. being at the 
same time uninsulated: the wiping place of the silk must not 
be changed; it then becomes sufficiently damp not to excite 
the stem, and is yet dry enough to leave it in a clean and ex- 
cellent insulating condition. If the air be dusty, it will be 
found that a single charge of the apparatus will bring on an 
electric state of the outside of the stem, in consequence of the 
carrying ^ower of the particles of dust; whereas in the morn- 
ing, and in a room which has been left quiet, several experi- 
ments can be made in succession without the stem assuming 
the least degree of charge. 

1204. Experiments should not be made by candle or lamp 
light except with much care, for ffames have gibat and yet 
unsteady powers of affecting and dissipating electrical chS,rges. 

1205. As s final observation on the state of the apparatus, 
they should retain their charge well and uniformly, and alike 
for both, and at the same time allow of a perfect and instant- 
aneous discharge, giving them no charge to the carrier ball, 
whatever rart of the hall B it may be applied to n218.). 

1206. With respect to the balance electrometer all the pre- 
cautions that need be mentioned, are, that the carrier ball is 
to be preserved during the first part of an experiment in its 
electnfied state, the loss of electneity which would tbllow upon 
its discharge being avoided ; and, "that in introducing it into 
the dlectrometer through the hole in the^lass plate above, 
care should be' taken tW it do not touch, or even come near 
to, the edge of the glass. 
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1207. iVben the whole ohaive in oae •ppatatufl is divided 
between the two, the gradual fell, apparently irom diaaipation, 
in the apparatus which haa received the half charge iagigeatCT 
than*in the oM<triginally charged. Thia is dne to f^^uKar 
eflfect to be dea^bw httwafter 1351.), the interfering 
inflaenoe of which may be avoided to a great extent by ^ing 
through the steps of the process r^ularly and quickly ; there- 
fore, after the original charge has been measured, m app. i. 
for instance, i. and ii. are to be symmetrically idned by their 
balls B, the carrier touching one of these balls at the same 
time ; it is first to be removed, and then the apparatus sepa- 
rated from each other ; app. ii. is next quickly to be measured 
by the carrier, then app. i.; lastly, ii. is to he discharged, and 
the discharged carrier applied to it to ascertain whether any 
residual effect is present (120.5.), and app. i. being discharged 
is also to be examined in the same manner and for tile same 
purpose. 

1208. The following is an example of the division of a 
charge by the two apparatus, air being the dielectric in both 
of them. The observations are set down one under the other 
in 'the order in which they were taken, the left hand numbers 
representing the observations made on app. i. and the right * 
hand numbers those on app. ii. App. i. is that which was 
originally charged, and after two measurements, the charge 
was divided with app. ii. 

App. i. ' App. ii. 

Balls 1(50“ 

0 “ 

254“ 

1^0 • 

divided and instantly taken 
122 


124 

1 


after being discharged. 
2 after being discharged. 


1209. Without endeavouring to allow for the loss whidh 
must have been 'gradually going on during the time of the ex- 
periment, let us observe the results of the numbers as tiiey 
stand. As I * remuned in app. i. in an undisohatgeahle irtate, 
2^ may be taken as th5 utmost amount of the transforabfo 
or dfiyisiDle char^, the hall which is i24“‘5. As ay^ ii. 
was foee of m the first inst^e, and immediately idter 
the divisitm 'was fbund witii 122“, this wnoantof fooSt maybe 
taken as wha.t it:had receiTed. On the other hand 124“miita8 
l“, or 123“, may be tsAen as tile half of the transforable cbaige ’ 
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retained by app. i. Now these do not differ much from each 
other; or from 124“-5, the half of the full amount of transfer- 
able i;harge ; and when the gradual loss of charge evident in 
the dilfejeiice between 254'^ and 250"* of app. i. is also taken 
into account, there is every reason to admit the result as show- 
ing an equal division of charge, unattended hy any disappear • 
ance ofpoioer except that clue to dissipation. 

1210. I will give another result, in which app. ii. was first 
charged, and where the residual action of that apparatus was 
greater than in the former case. 

App. i. App* 

Halls 150^^ 

1 . 52 ^" 

• .* • • 

divided and instantly taken 

70 " 

78 ^ 

5 immediately after discharge. 

0 immediately after discharge. 

1211. The transferable charge being 148“— 5% its half is 
71^*5, which is not far removed from 70 ', the half charge of 

* i.; or from 73*^^ the half charge ofii.: these half charges again 
making up the sum of 113'', or just the amount of the wliole 
transferable charge. Considering the errors of experiment, 
therefore, these results may again be received as showing that 
the apparatus weyc equal in inductive capacity, or in their 
powers of receiving charges. 

1212. The experiments were repeated wilh charges of ne- 
gative electricity, with the same general results. 

1213. That 1 miglit be sure of the sensibility and j^ction of 
the apparatus, I made such a change in one as ought- upon 
principle to increase its inductive force, i. e. I put a metallic 
lining into the lower hemispliere of app. i., so as to diminish 
the thickness of the intervening air in that part, from 0’62 to 
0*435 of an inch : this liinng was carefully .shaped and rounded 
so that it should not present a sudden projection within at its 
edge, but a gradual transition from the reduced interval in the 
lower part of the sphere to the larger one in the upper. 

1214. This change immediately caused app. i. to produce 
effects indicating that it had a greater aptness or capacity for 
induction than app. ii. Thus, when a transferable charge in 
app, ii. of 469° was divided with app. i., the former retained 
a charge of 225“, whilst the latter showed one of 227^^, i. e. 
the former had lost 244° in communicating 227° to the latter : 
on the other hand, when app. i. had a transferable charge in 
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it of 381*" divided by contact xyith app. ii., it lost 181 only, 
whilst it gave to app. ii. as many as 194^: — the sum of the di- 
vided forces being in the first instance less, and in the s^^fjond 
instance greater than the original undivided charge ..»^’**^These 
results, are the more striking, as only one half of the interior 
of app. i. was modified, and they show that the instruments 
are capal)le of bringing out differeftces in inductive force from 
amongst the errors of experiment, when these dilferences are 
much less lliaii that produced by the alteration made in the 
present instance. 

H iv. Induction m curved lines, 

1215. Amongst those results deduced^ from the molecular 
view of induction (ll(j(>.), which, being of a peculiar nature, 
are the best tests of the truth or error of the tlicory, the 
expected action in curved lines is, 1 think, the most important 
at present ; for, if shown to take place in an unexceptionable 
manner, I do not see how the old theory of action at a dis- 
tance and in straight lines can stand, or how the conclusion 
that orcFinary induction is an action of contiguous particles 
can be resisted. 

12i(). There are many forms of old experiments which 
might be (pioted as favourable to, and eoiisistenl witli the 
view I have adopted. Such are most cases of eleclro-chc- 
inical decomposition, electrical brushes, auras, sparks, &c. ; 
but as these might be considered equivocal evidence, inasmuch 
as tliey include a current and discharge ( tfttmgh they have 
long been to me indications of prior molecular action (1230.)), 
I endeavoured to devise such experiments for first proofs as 
should not include transfer, but relate altogether to the pure 
simple^inductive action of statical electricity. 

1217. It was also of importance to make these experiments 
in the simplest possible manner, using not more than one in- 
sulating medium or dielectric at a time, lest differences of 
slow conduction should produce eflccts which might errone- 
ously be supposed to result from induction in curved lines. 
It will be unnecessary to describe the steps of the investigation 
minutely ; I will at once proceed to the simplest mode of 
proving the facts, first in air and then in other insuhiting 
media. 

1218. A cylinder of solid .shell -lac, 0 9 of an inch in dia- 
meter and seven inches in length, was fixed upright in a 
wooden foot (fig. 3.) : it was made concave or cupped at its 
upper extremity so that a brass ball or other small arrange- 
ment could stand upon it. The upper half of the si cm having 
been excited negatively by friction with warm flannel, a brass 

B2 
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ball, B, 1 inch in diameter, was phic(?d on (he top, and then 
the whole arrangement examined by the cari'icr l)all and 
Coubgnb’s electrometer (llSO. &c.). I’or this purpose the 
balls oHhe electrometer were dxaxgeA positively to about 300”, 
and then the carrier being applied to various parts of the ball 
B, the two were uninsulated whilst in contact or in position, 
then insulated,* separatedj and the charge of the carrier ex- 
amined as to its nature and force. Its electricity was always 
positive and its force at the different positions a, b, c, U, &c. 
(tig. 3. aiul 4.) observed in succession, was as follows ; 

at a above 1000'’ 

& it was 149 

270 

rf .' .512 

b 130 

1219. To comprehend the full force of these results, it must 
first be understood, tliat all the charges of the ball B and the 
carrier are charges l)y induction, from the action of the excited 
surface of the shell lac cylinder ; for whatever electr^ity the 
ball B received by communication from the shell lac, either 
in the first instance or afterwards, was nmoyed by the un- 
insulating contacts, only that due to induction remaining ; 
and this is shown l)y the charges taken from the ball in this 
its uninsulated state being always positive, or of the contrary 
character to the electricity of the shell-lac. In the next 
place the charges at a, c, and d were of such a nature as 
might be expected from an inductive action in straight lines, 
but that obtained at b is not so : it is clearly a charge by in- 
duction, but induction in « curved line; for (he carrier ball 
whilst applied to b, and after its removal to a distance of six 
inches or more from B, could not, in consequence oT the si/.e 
of B, be connected by a straight line with any part of the 
excited an4 inducing shell-lac. 

1220. To suppose that the upper part of the uninsulated ball 
B, should in some way be retained in an electrified state by that 
portion of the surface which is in sight of the shell-lac, would 
be in opposition to what we know already of the subject. 
Electricity is retained upon the surface of conductors only by 
induction (1178.) ; and though some persons may not be pre- 


• It can hardly be necessary for me to say here, that whatever 
general state the carrier ball acquired in any {ilace where it was 
uninsulated and then insulated, it retained on removal from that 
place, notwithstanding that it might pass through other places, that 
would have given to it, if uninsulated, a different cbndition. 
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pared as yet to admit (his with respect to insulated conductors 
all will as regards uninsulated conductors like the hall B, 
and to decide the matter we have only to place the carried ball 
at e (fig. 4.), so that it shall not come in contact with IJ, 
uninsulate it by a metallic rod descending perpendicularly, 
insulate it, remove it, and examine its state : it will be found 
charged with the same kind of electricity as, and even to a 
higher degree (1224.) than, if it had been in contact with the 
summit of B. 

1221. To suppose, again, that induction acts in some way 
through or across the metal of the ball, is negatived by the 
siniplest considerations ; but a fact in proof will be l)etter. 
If instead of the ball B a small disc of ^ metal be used, the 
carrier may be charged at, or above the middle ol‘ its upper 
surface ; but if the plate be enlarged to about 1 ^ or 2 inches 
in diameter, C (tig. 5.), then no charge will be given to the 
carrier at/*, though when applied nearer to the edge atg*, or 
even above the middle at A, a charge will be obtained; and 
this is true though the plate may be a mere thin film of gold- 
leaf. Hence it is clear that the induction is not through the 
inetal, but through the air or dielectric, and that in curved 
lines. 

1222. I had another arrangement, in which a wire passing 
downwards through the middle of the shell-lac cylinder to the 
earth, was connected with the ball B (fig. (>.) so as to keep it 
in a constantly uninsulated state. I'his was a very convenient 
form of apparatus, and the results with it Were the same as 
those described. 

1223. In another case the ball B was supported by a shell- 
lac stem, iijdependently of the excited cyhhder of shell-lac, 
and i^t htrlf an inch distance from it ; but the effects were the 
same. Then the brass ball of a charged Leydeiyar was used 
in place of the excited shell-lac to produce induction; but 
this caused no alteration ot the phienomena. Both positive 
and negative inducing charges were tried with the same 
general results. Finally, the arrangement was inverted in 
the air for the purpose of removing every possible objection 
to the conclusions, but they came out exactly the same. 

1224. Some results obtained with a brass hemisphere in- 
stead of the ball B were exceedingly interesting. It was 1’36 
of an inch in diameter, (fig, 7.), and being placed on the top 
of the excited shell-lac cylinder, the carrier ball was appliecl, 
as in the former experiments (1218.), at the respective posi- 
tions delineated in the figure. At i the force was 1 12"', at k 
108 , at / 65®, at m 35®; the inductive force gradually 
diminishing, as might have been expected, to this point. 
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But on raising the carrier to the position n the charge in- 
creased to S7^ ; and on raisitig it still higher to o, the charge 
still ¥i^*ther increased to 105"" : at a higher point still, />, the 
charge fiAen was smaller in amount, being and continued 
to diminish for more elevated positions. Here the induction 
fairly turned a corner. Nothing, in fact, can better show 
both the curved lines or courses of the inductive action, dis- 
turbed as they are from their rectilineal form by the shape, 
position^ and condition of the metallic hemisphere ; and also 
a lateral tension^ so to speak, of these lines on one another : 
all depending, as I conceive, on induction being an action of 
the contiguous particles of the dielectric thrown into a state of 
polarity and tension, and mutually related by their forces in 
all directions. 

122/5. As another proof that the whole of these actions 
were inductive, I may state a result which was exactly what 
might be expected, namely, that if uninsulating comlucting 
matter was brought round and near to the excited shell-lac 
stem, then the inductive force was directed towards it, and 
could not be found on the top of the hemisphere. Removing 
this matter the lines of force resuiijed their former direction. 
The experiment affords proofs of the lateral tension of these 
lines, and supplies a warning to remove such matter in re- 
peating the above investigation. 

1226. After these results on curved inductive action in air 
I extended the experiments to other gases, using first carbonic 
acid and then hydrogen : the phccnoniena were precisely 
those already described. In these experiments I found that 
if the gases were confined in vessels they required to be very 
large, for whcthlcr of glass or earthenware, the conducting 
power of such materials is so great that the inducli®npf the 
excited shelKlac cylinder towards them is as much is if they 
were metal ; and if the vessels be small, so great a portion of 
the inducti>rc force is determined towards them tliat the lateral 
tension or mutual repulsion of the lines of force before spoken 
of (1224.), by which their inllection is caused, is so much re- 
lieved in other directions, that no inductive charge will be 
given to the carrier ball in the positions k, /, w, o, /), (fig. 7.). 
A very good mode of making the experiment is to let large 
currents of the gases ascend or descend through the air, and 
carry on the experiments in thes^^ currents. 

1227. These experiments were then varied by the suhstitu- 
iton of a liquid dielectric, namely, oil of turpentine , in place 
of air and gases. A dish of thin glass well covered with a 
film of shell-lac (1272.), and found by trial tojnsulatc well, 
had some highly rectified oil of turpentine put into it to the 
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depth of half an inch, and being then placed upon the top of 
the brass hemisphere, (fig. 7.) observations were made with 
the carrier ball as before ( 1 3^4.). The results were the ® Aine, 
and the circumstance of some of the positions beirg'within 
the fluid and some without, made no sensible difference. 

1338. Lastly, I used a few solid dielectrics for the same 
pur[K)se, and with the same results. These were shell-lac, 
sulphur, fused and cast borate of lead, flint glass well covered 
with a film of lac, and spermaceti. The following^was the 
form of experiment with sulphur, and all were of the same 
kind. A square plate of the substance, two inches in extent 
and 0*6 of an inch in thickness, was cast with a small hole or 
depression in the middle of one surface to receive the carrier 
ball. I'his was placed upon the surface of the metal hemi- 
sphere (fig. 9.) arranged on (he excited lac as informer cases, 
and observations were made at n, o, /?, and q. Great care 
was required in these experiments to free the sulphur or other 
solid substaime from any charge it might previously have 
received, This was done by breathing and wiping (1303.), 
and the substance being found free from all electrical excite- 
ment, was then used in the experiment; after which it was 
removed and again examined, to ascertain that it had received 
no charge, but had acted really as a dielectric. With all 
these precautions the results were the same ; and it is thus 
very satisfactory to obtain the curved inductive action through 
solid bodies^ as any possible effect from the translation of 
charged particles in fluids or gases, which some persons might 
imagine to be the case, is here entirely negatived. 

1329. In these experiments with solid dielectrics, the degree 
of charge, assumed by the carrier ball at the 'situations «, o, p 
(fig. 9.)f was decidedly greater than that given to the ball at 
the same places when air only intervened between it and the 
metal hemisphere. This eftect is consistent with what will 
hereafter be found to be the respective relations of these 
bodies, as to their power of facilitating induction thi'ough them 
(1369. 1373. 1277.). 

1230. I might quote many other forms of experiment, some 
old and some new, in which induction in curved or contorted 
lines takes place, but think it unnecessary after the preceding 
results ; I shall therefore mention but two. If a conductor 
A, (fig. 8.) be electrified, *and an uninsulated metallic ball 13, 
or even a plate, provided the edges be not too thin, be held 
before it, a small electrometer at c or at d^ uninsulated, will 
give signs of electricity, opposite in its nature to that of A, 
and therefor^ caused by induction, although the influencing 
and influenced bodies cannot be joined by a right line passing 
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through the air. Or if, the electrometers being removed, a 
point be fixed at the back of the ball in its uninsulated state 
as a%^C, this point will become luminous and discharge the 
conduclf'r A. The latter experiment is described by Nichol- 
son,* who*, however, reasons erroneously upon it. As to its 
introduction here, though it is a case of discharge, the dis- 
charge is preceded by induction, and that induction must be 
in curved lines. 

1231. As argument against the received theory of induc- 
tion and in favour of that which 1 have ventured to put forth, 
I cannot see how the preceding results can be avoided. The 
effects are clearly inductive effects produced by electricity, 
not in currents but in its statical state, and this induction is 
exerted in lines of force which, though in many experiments 
they may be straight, are here curved more or less according 
to circumstances. I use the term ll7ie of inductive force merely 
as a temporary conventional mode of expressing the direction 
of the power in cases of induction ; and in the experiments with 
the hemisphere (1224.), it is curious to see how, when certain 
lines have terminated on the under surface and edge of the 
metal, those which were before lateral to them expand and open 
out from each other ^ some bending round and terminating their 
action on the upper surface of the hemisphere, and others 
meeting, as it w^ere, above in their progress outwards, uniting 
their forces to give an increased charge in the carrier ball, at 
an increased distance from the source of powder, and influencing 
each other so as io cause a second flexure in the contrary di- 
rection from the first one. All this appears to me to prove 
that the whole action is one of contiguous particles, related to 
each other, not merely in the lines which they may be con- 
ceived to form through the dielectric, between ftie kiductric 
and the inducteous surfaces, but in other lateral directions 
also. It is fhis which gives the effect equivalent to lateral re- 
pulsion or expansion in the lines of force I have spoken of, and 
enables induction to turn a corner (1304.). The power, in- 
stead of being like that of gravity, which relates particles 
together through straight lines, whatever other particles may 
be between them, is more analogous to that of a series of 
magnetic needles, or to the condition of the particles consi- 
dered as forming the whole of a straight or a curved mag- 
net. So that in whatever way ‘view it, and with great 
suspicion of the influence of favourite notions over myself, I 
cannot perceive how the ordinary theory bf induction can be 
a correct representation of that great natural principle of 
electrical action. ^ 


♦ Encyclopaedia Britannica, vol. vi. p. 504: 
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12;52. I have had occasion in describing the precautions 
necessary in the use of the inductive apparatus, to refer to 
one founded on induction in curved lines (1203.) ; and lifter 
the experiments already described, it will easily be seen how 
great an influence the shell-lac stein may exert* hpoii the 
charge of the carrier ball when applied to the apparatus 
(121S.), unless that precaution be attended to. 

1233. I think it expedient, next in the course of these ex- 
perimental researches, to describe some effects due to con- 
duction, obtained with such bodies as glass, lac, sulphur, &c., 
which had not been anticipated. Being understood, they will 
make us acquainted with certain precautions necessary in in- 
vestigating the great question of specific inductive capacity. 

( To be continued.) 


1 1. On the decomposition of vmter by the agency of grotving 
plants, more particularly the Aquatic Confervee, the 
Ijemna, a genus of the Moncecia Diandria class, 8fc, l^c. 
By W. H. Weekes, Esq., Surgeon, Lecturer on Philoso- 
phical and Operative Chemistry, &c. &c. &c. 

Since that period w hen the justly revered names of Priestly 
and Ingenhouse shed a halo of refulgence around experi- 
mental philosophy, and the former made kyown the result of 
his celei)rated enquiries on the respiration of plants, not only 
botanists and vegetable physiologists, but chemical philoso- 
phers also, appear to have concurred in thes general opinion, 
that plfints'^absorb carbonic acid from the air under certain 
circrfmstanccs, and emit oxygen in return; and Dr. Ingen- 
house concludes that this change occurs only diA-ing exposure 
to the direct rays of the sun. It is further presumed that in 
the dark an opposite effect obtains, and that carbonic acid gas 
is neither absorbed nor oxygen gas evolved; but on the con- 
trary, oxygen disappears, and carbonic acid is disengaged. 

I am neither prepared nor disposed to deny, that, under 
certain circumstances,” these conclusions do appear to be 
borne out and established, generally, by attentive observation 
and experiment; but there are likewise facts and circum- 
stances, which I shall submit, warranting the conclusion that 
these results dd not invariably obtain from the functional exer- 
cise of every description of plants, and which, I think, also 
render it worth while to enquire, whether, as is generally as- 
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sumed^ it be a fact that the oxygen evolved by the respiratory 
action in plants, is uniformly derived from the decomposition 
of t^je carbonic acid gas, as absorbed from the atmosphere, 
soil, &c» or from that of the more abundant source, water, 
in whiclioxygen is known to form a large proportional con- 
stituent. 

A series of cautious and minutely observed experiments oc- 
cupying my attention at frequent intervals during some eight 
or ten years past, have, I presume, authorized me to indulge 
in the above conclusions, and to assert that pure oxygen alone 
is constantly evolved, by certain plants at least, whether they 
be exposed to the influence of solar light alone, or subjected 
to the alternate changes of day and night. 

The discovery of 'this interesting and additional feature in 
the operative chemistry of nature, owes its remote origin to 
circumstances which 1 feel claim from me, at least, the tribute 
of a brief recital. It is now about twelve years since I had 
the peculiar satisfaction of acquiring the scientific acquaint- 
ance and ultimate friendship of Thomas Pine, Esq., of Maid- 
stone, in Kent, the author of a theory appropriately denomi- 
nated by him Electro^ Fegetaiion, the legitimate offspring of 
long patient observation and inductive experiment; and which 
theory I can have no hesitation in believing must eventually 
take its place among the established truths of philosophy. 
Immediately upon our acquaintance Mr. Pine suggested to 
my management a series of experimental researches such as I 
might conceive b^st calculated to subject his opinions to the 
severest tests of chemical and general examination. In 
further relation to the theory above mentioned, it is only 
necessary for me jn this place to observe, that the conclusions 
of its author were amply supported by the long Slerieji of ex- 
periments in question. • 

During thro progress of these enquiries incidental to the 
Spring and JSummer seasons of the years 18J3-4 and 5, it 
became expedient for me to adopt means whereby 1 might 
bring the extreme branches of various growing plants and 
shrubs into operation under a pneumatic apparatus; some- 
tinies employing in my manipulations merely a valve of mer- 
cury with a common atmosphere in the receiver above the 
fluid metal, and at others causing the branches to grow for 
many days and even weeks wdthin an entire atmosphere of 
water, limited only by the capacity of the receiver, with a 
view to collect and examine the gaseous results obtained 
during the progress of a vigorous state of vegetation. While 
conducting these researches by means of the usual water 
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trough and gradual ed hell glass, I often became forcibly im- 
pressed, citter attentive observation, with the idea that the 
leaves and branches of plants, growing within my hydrd-j»neu- 
matic apparatus, were materially indebted for the large 
quantity of their gaseous products to decompositions of a por- 
tion of the surrounding almosplierc of water, as well as to 
exhalations from the surface of their leaves, &c., originating 
in the decomposition of carbonic acid, though, neither then 
nor subsequently have I found cause to regard the generally 
received opinion on this subject as being devoid of foundation 
under ordinary circumstances and in a dry atmosphere. 

Pursuing, at the period above mentioned, the train of thought 
thus sugge.*tt;d, I was led to consider the well known experi- 
ment of placing a fresh detached sprig of mint or other suc- 
culent plant within an inverted glass jar of water, for the 
j)urposc of exlnbiting the evolution of hubbies of oxygen Irom 
the surface of its leaves exposed to the action of solar light ; 
nor could I long hesitate in adopting, as an opinion at least, 
that the oxygen obtained in this ex})eriment owed its origin, 
in no inconsiderable degree, also to decomposition of a portion 
of the water employed, and not entirely, as generally believed, 
to the carbonic acid held in solution by the fluid. 

A multiplicity of engagements continued to delay my inten- 
tion of endeavouring to illustrate this important question by a 
furi her appeal toexperiment, until the immediate ardour arising 
out of the subject had somewhat abated ; when, early in the 
Autumn of 18137, my attention thereto wa^s strongly revived 
by the accidental circumstance of a decanter of river water, 
in which some small portion of a very minute species of con- 
fervas had luxuriantly vegetated, having bqpn left unmolested 
and ex 4 )osAi at times, during several weeks, to a strong sun- 
light in the window of my bed-room. I now observed that 
on the sides and neck of the glass innumerable hubbies 
of gas were collected and continuously arose fnim the surface 
of the confervae or green vegetable matter before mentioned ; 
and this gaseous product I had every reason, short of actual 
testing, to consider as oxygen derived from partial decompo- 
sition of the water in my decanter. 

The season had too far advanced to permit of resuming my 
former researches, especially with the delicate coiifcrvaj, now 
the more immediate object of my attention ; I therefore 
waited, with no small degVee of impatience, the arrival of the 
spring and summer of 18^, with the design of subjecting my 
theoretical conclusions to the test of actual experiment. It was 
not, however, until the commencement of the mouth of August, 
that the Punctalis, a minute species of conferva) abound- 
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ing in stagnant waters, as ponds, ditches, water-tanks. &c., ap- 
peared sufficiently luxuriant for my purpose ; when the simple 
but eotnpletely efficient form of apparatus, represented in the 
annexed ^sketch, was immediately put in requisition for the 
occasion. '’The bolt-head a, holding one gallon, having been 
taken to a water-tank in which a sufficient quantity of the 
confervsB in question was discovered to have vegetated, the 
globular part of the glass vessel was forcibly immersed beneath 
the surface of the fluid, until the orifice of the neck could be 



brought into an appropriate position to admit of the globe 
filling freely, while the current of water, during its downward 
impetus, carried with it an ample quantity df the plant sought 
to be operated upon. The position of the bolt-head having 
been now reversed with the opening of the neck downwards, 
the stoneware jar 6, charged also with the water of the tank, 
was plunged perpendicularly underneath, and when the neck 
of the glass had been immersed within the water of the jar, 
until the inferior circumference of the globular part rested 
upon the substantial rim of the lower vessel, the two were 
carefully removed and placed immediately in an eligible 
situation in my garden, subject to frequent observation. I 
do not think I can convey to those whom it may possibly 
interest, a better idea of the subsequent progress of my experi- 
ment, than by subjoining occasional extracts from my daily 
Journal of Memoranda, or rough notes, made oi\ the spot at 
the moment of observation. 
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JIugnst 12/A, 1838. — At 8 a. m. placed a quantity of the 
Confervse Punctalis^ in rain water, under the pneumatic ap- 
paratus in garden — evening bright with light breezes .rfrom 
S. W. Since being at rest the whole of the minute plant has 
resumed its natural tendency to the surface of the^uid, and 
occupies the zenith portion of the glass globe. Appearance 
perfectly healthy. , 

13lh, eight o’clock, a. m. — A gas has been abundantly 
evolved, during the past night. The confervae has been in 
consequence depressed from its original position in the upper 
hemisphere of the globe, its former place being now occupied 
by the gaseous product, fully equal in amount to the bulk of 
plant ; I presume not less than from sixteen to eighteen cubic 
inches. The water of the jar has overflown in a corresponding 
degree. 

18th. — The formation of gaseous matter from conferva? 
punctalis has been almost regularly progressive during the 
last five days, and now occupies nearly one-sixth of the globu- 
lar hemisphere. Appearances indicate that the evolution of 
gas is on the decline; the plant also shows symptoms of 
decreasing vigour. 

21st. — -Gas has not materially augmented to-day; and I 
conclude that the confervas has nearly ceased to vegetate. 

Four o’clock, p. m. — Resolved to transfer the gas collected 
from glass globe to a jseries of air jars of different capacities, 
for the purpose of chemical examination. — Six o’clock, p. m. 
Gas generated within the space of nine jlays, amounts to 
fifty-eight cubic inches, and proves to be oxygen more pure 
than usually obtained artificially. An extinguished wax taper 
is instantaneously relighted by being plugged therein, and 
phosphpruf, iron wire, and other combustibles, burn with 
greaft brilliancy. A cubic inch tube, graduated in hundredths, 
charged with the gas and placed over pure liqusr potassa. 

22d. evening. — The volume of gas in cubic ijich tube over 
liquor potassa (temperature considered) has diminished only 
one and a half per cent in about twenty-four hours, and has 
remained without decrease during the greater part of that 
time ; consequently, the oxygen thus obtained, holds in ad- 
mixture a smaller proportion of carbonic acid than that 
generally procured by exposing to a red heat the peroxide of 
manganese. * 

These experiments witlf the conferv® punctalis were several 
times repeated*during the months of August and September, 
and invariably with similar results, as witnessed by divers 
scientific friends who obligingly interested themselves on the 
occasion. Subsequently the lemna^ a genus of the monoecia 
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diandria class, (commonly deiioniiiiated duck-weed) was ofleii 
subjected to the same process ol' examination, with the only 
diflefv.rice that it did not produce oxygen quite so abundantly 
as the con/ervae puiictalis, though the gas obtained from tlie 
leinna was Vound to be in a trilling degree more pure than 
that evolved by the former description of plant, inasmuch 
as it was proved by chemical analysis to contain only one per 
cent of carbonic aci<l. 

In the early part of the month of October, I commenced a 
series of similar trials with several larger species of aquatic, 
plants, but, owing to removal from their native habitiulos at 
a late period of the season, my efforts were not attended with 
a like de<;ree of success. From these latter experiments, 
however, 1 learned that it is only in the perfect I tj healthy and 
i'>igo7'ous state that plants possess the power to (hjcornpose 
water and liberate its oxygen. Under certain circumstances, 
which require further researches to detine, I am convinced 
that some plants evolve a portion of nitrogen. 

As connected with and arising out of the subject of this 
paper, 1 shall permit myself to subjoin a few desultory obser- 
vations. It has been ingeniously .suggested to me by a highly 
esteemed scientific friend, that the oxygon obtained during 
the experiments above detailed, might possibly arise from the 
decomposition of a considerable portion of carbonic acid, not 
unfrequently held in solution by certain waters. Now, the 
water employed in my experiments, as first stated, was taken 
from a large open iank on the premises, and it is quite fair to 
say that few specimens could be furnished in greater purity. 
The substances known generally to be held in solution by 
rain water, are ah’, carbonic acid, carbonate of lime, and, 
according to Uergman, occasionally some traces of*nitiiie acid 
and a little muriate of lime. The best authorities agree that 
the quantity of air in good water, of the kind in question, does 
not exceed one -twenty-eighth of the bulk; and that one hun- 
dred cubic inches contain generally about one cubic inch of 
carbonic acid gas, but I have .satisfied myself that the rain 
water actually employed, yielded rather short of the usual 
assumption. If we reckon the bolt-head to contain one gal- 
lon, or about 278 cubic inches, which will be a sufficient 
approximation to the fact, we shall perceive that the full 
amount of carbonic acid in tlie water ‘of my experiment could 
not exceed three cubic inches, a quantity quite inadequate to 
furnish on decomposition even a sixth part bf the oxygen 
evolved during the first night, and the possibility of the water 
acquiring any addition of carbonic acid by absorption from 
the surrounding atmosphere, was effectually provided against 
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in the construction of the apparatus. Nor docs it appear 
that the common air contained in the water used, had been 
expelled and thus augmented the volume of gas ultimrfely 
measured, because the only deviation from the pure oxygen 
found on analysis, was from one to one and a half ptSr cent of 
carbonic acid. If we suppose the plant capable of decomposing 
atmospheric air, a considerable qu£mtity of nitrogen must have 
been manifest on examination. 

Sir H. Davy, at page 192, fourth edition of his Last Days 
of a Philosopher,” says those fishes that spawn in Spring or 
the beginning of Summer, and which inhabit deep and still 
waters, as the carp, bream, pike, tench, &c., deposit their eggs 
upon aquatic vegetables, which, by the influence of the solar 
light, constantly preserve the water in a* state of aeration.” 
Though the form of expression used by our celebrated philoso- 
pher is not definitive, I think I may safely assert that the 
means employed by nature to effect the important object 
alluded to by Davy, that of preserving the water in a state of 
aeration, consists ki the power of growing plants to decompose 
that fluid and supply a vivifying principle to the eggs by the 
disengagement of oxygen. Upon similar grounds, 1 presume, 
we might fairly conclude, that the baneful influence of malaria 
arising from the stagnant waters of marshy districts, is, during 
the spring and summer materially modified by the oxygen 
(emphatically characterized as air by Dr. Priestly) gene- 

rated from the action of conferva? and other aquatic vegeta- 
bles, abundantly inhabiting the still waters qf such localities. 
In the season of autumn, when the vigorous action of vege- 
tation has ceased, and the plants themselves in many instances 
pass into decomposition, experience shows Jthat the demon 
malaria l^egftis to ditFuse its most pestiferous exhalations. 

It being obvious, from the experiments above recorded, 
that the leaves of plants are furnished with organs suited to 
the office of decomposing water, and as we find. only one of 
the elements of this fluid set at liberty, it follows logically 
that the other element, viz, the hydrogen, is absorbed by the 
plant and adapted to the purposes of the vegetable economy ; 
at least, I presume that Imave bx ought sufficient evidence to 
show, that in addition to the offices of the roots, leaves, 
“ common^^ and proper vessels , hitherto known, nature has 
provided plants with another important source of action, by 
the direct exercise of which they derive from one of the ele- 
ments of water/ a principal constituent* of their own, while 


* Some ten or twelve years since, while engaged in the analysis 
of upwards ofYorty specimens of indigenous and foreign woods, by 
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from the disengagement of the other, they silently administer 
to the purity of the atmosphere and the economy of animal 
lifeX i have not unfrequeiilly spent many hours, aided by the 
microscope, in watching, particularly in bright days, the 
evolutionSof gas bubbles as they are formed and disengaged 
from small aquatic vegetables, as well as from the detached 
leaves of other plants immersed in water ; and, as one of the 
fruits gathered from such observation, I imagine I shall not 
risk any very serious condemnation, in venturing to conjecture 
that the spinous or downy points presented by the suporficos 
of leaves (and f find it is to these points that the bubbles of 
gas arc invariably attracted) are analogous to so many gal- 
vanic poles, rendered more or less potent by I be agency ot 
solar light and otltfer circumstances ; thus, however minute 
and trivial in their individual operation, producing hy tlnur 
infinitude an amazing aggregate of electro-chemical action ; 
and though, doubtless, this be most conspicuous where exer- 
cised in the stagnant pool, or meandering rivulet, yet, never- 
theless, exlemling its natural magic eciually^to decompose the 
beautiful leaflet gem exhibited in the spangling dew-dr(q>. 


the process Uf close distillation, I became forcibly struck with the 
proportionately large volume of hydrogen frequently evolved in 
comhiimtioii with carbon, &c.; so abundant, indeed, that I was 
induced to convey it into a temporary reservoir, and occasionally 
appropriateil it as a means of illumination in my laboratory opera- 
tions. If, during the growth of plants, this quantity of hydrogen 
be not materially derived from tne decomposition of water, by a 
direct exercise of their external fiinctions, it will be extremely dif- 
ficuU to account for its origin and*presence as a component of 
ligneous fibre ; for, though we are not yet accurately familiarized 
with the internal organization of vegetables, and their consequent 
capabilities, it seems scarcely probalne that to this single and some- 
what limited source alone, the whole of the hydrogenjs attributable 
which we find resulting on careful analysis. 
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III. Experimental and Theoretical Researches in Elec- 
tricity. Second Memoir. By Wh.i.iam Stitr<jkon, t^ec- 
turer on 1 experimental Philosophy at the l ion. East India 
Company’s iVlilitary Seminary, Addiscombe, 

Read March 3 d, and December lUtli, 183 S. 

On the Identity or .Yon -identity of Electricity and Mng- 
netism — Di/ft rent opinions of Philosophers on this topic 
— E rperi mental Examination of those Phenomena which 
are supposed to faronr the hypothesis — Examination of 
M, Ampere^ s Jfyjtothesis — 'I7ie polar forces of hard steel 
Magnets unranyuishable hy Electric Currents — The 
inejficiency of Electric Currents iy magnetizing hard, 
steel to a high degree of power — The distribution of niag- 
nejie foren exhibited by Steel Alagnets and by Loadstone^ 
not imifable by Eleetric Currents. 

HS. Ill the first memoir which I had the honour to present 
to this Society, I* endeavoured to elucidaliMhose riindaniental 
principles of eleciricity, which appear olivionsly developed by 
an extensive series of illustrative phenomena, and well caleu- 
lated to alibi'd an easy explanation of the nature and peculiarity 
of electric action, 'riiere still, however, remains one very 
important theoretical point on which 1 have not yet touched ; 
a point which is yet wavering under the dominion of vacillating 
opinion, without any party venturing a demonstration of his 
peculiar ideas : or, indeed, showing much,»if any, reason for 
entertaining them. 

89. 3’he discovery of the i<lentity of lightning and ordinary 
electric discharges, hy Franklin, and the well established facts 
of liglUniilg dcpolari/ang compass needles, reversing the 
polarity of others, and producing other remarkable magnetic 
phenomena, were events that have, long ago, led philosophers 
to imagine Ihat electricity and magnetism are not distinct 
powers of nature : hut that, more probably, they emanate, in 
diflerent forms, from one and the same physical cause. The 
apparent similarity of thj attractions and repulsions in mag- 
netism and electricity, has also bv,en considered as favourable 
to the hypothesis. 

90, It is now more than lialf a century ago since the 
celebrated Father Bec^aria ventured an opinion, tliat the 
electrical and magnetic powers arc identical. ‘‘Are not these 
peculiar eftects’of the electric fire with respect to magnetism,” 

♦ From the Transactions of the Jjondon Electrical Society. 

VoL. IV.— No. 19, July, 1839. C 
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said this eminent philosopher, so many proofs which cor- 
roborate my fonner conjectures, that the peculiar magnetic 
forcC|Obscrved in loadsfone is to l)e atiribut cd to either atmos- 
pherical or su!)teiTancous strokes of lightning; and that thf^ 
'iiniverml\'ijst(itnntic properties of magnetic bodies are pro- 
duced by an universal systematic circulation of the electric 
element f’* This hypothesis of the illustrious Italian was 
not much attended to, till tfie discovery of electro-magnetism, 
which happened nearly fifty years afterwards ; when it was 
again hroaerhed, as a new idea, by M. Ampere. Since that 
time the liypothoMs has gained many proselytes, though there 
b^' still some philosophers who do not entertain that opinion - 
and as electricity has lattc'rly produced many jihenomena, 
whose true cause caaonly he understood hy a jiroper solution 
of the problem which this dispulctl point has created, a sirict 
invesl igatioii of the various circumstances connected with it 
can hardly fail to be interesting to the lOlectrical Society : I 
have therefore devoted the whole of this memoir to that par- 
ticularly important subject, in which, it will be found, I have 
collected, examined, and arranged the most striking instances 
of analogy in electricity and magnetism : and have also point ed 
out many phenomena in which they as obviously disagree. 1 
have contemplated the wdiole as profoundly as 1 have been 
able, and have discussed the various lo])ies as T have proceeded, 
with freedom and candour, in the manner following: — 

91. If one of the pob's of each of two magnets be presented 
to each other, a toudenoy cither to recede from, or iip[)roach 
each other is imiUcd lately manifested, ac(‘or(lingly as these 
poles are similar or dissimilar respectively; and l)ecause siiiii- 
lar and dissimilar electrized bodies evince corresponding ten- 
dencies to from or (awards each other, the two sets of 
phenomena have been regarded as marking a strong analogy, 
and have been held forth as evidence in favour of the identity 
of the magnelic and electric agents. l>ut, before these, or 
any other supposed analogies he permitted to enter into any 
code of physical laws, they ought to I)o examined with the 
most rigid scrutiny and exactness. The phenomena ought 
not only to be compared with each other, but each individual 
event should be traced, as closely as circumstances will per- 
mit, to the nearest cause of its production; and in what man- 
ner it would be aflccled by varying the conditions of the ex- 
periment : and, in the (jiiestion belbrc us, it is only from such 
dose investigations as these, that data are to be obtained 
which can be esteemed of much intrinsic value. 

* Treatise oii Artificial Electricity. By Father Giainbatista 
Beccaria, p. 310, English edition, London, 1776. 
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02. Ill contemplating the phenomena I have been speaking 
of in the manner proposed, let it be supposed that /fs st'fi', llg. 
1, Plate II, are two magnetic needles, each suspimdod a 
fine thread; and tliat and lig. 2, arc two dissimilarly 
electrized balls, suspeiuled in a like manner. Tluv/, because 
of the magnetic polos 'Ns‘ which are opposite to each 
other, being ordiitcrent kinds, tlu;y will approach each other 
until they come into contact: and aparalhd phcnonioiion will 
he exhibited by the dissimilarly electrized halls, 'I'hus 
far the analogy appears to hold good. Our conclusions, how- 
ever, are not to be drawn from those facts alone, for the 
motions already performed are the nuMe pndiminaries to the 
display of other phenomena wliich demand still greater atten- 
tion, and reveal the operation of olln^r aUrihutes than those 
wliich brought the bodies together. 'Fhe electric balls, /?, //, 
V(‘ry shortly after the first conlact, separate from each other; 
and if their first electric conditions wore of cfjual degrees 
uhore and hcloio the common standard, or neutral state, they 
would vefitniUze each other’s action, and Ilnur fibres of sus- 
pension would bang panillcl to each other. Hut if their first 
electric conditions were not of ecpial degrees above and below 
the natural standard, both balls wuiiild remain ei( her postlirvly 
or '/icgnfircl/j chicirical, aceordingly as ]) or?/ exhibited llie 
greater degree of electric tension prior to the first contact. In 
either case the balls would display a tendein y to recede from 
each other, and diverge their fibres of support. 

93. Now' the motions last exhibited by the electric balls 
find no parallel phenomena in the magnetic Jioles ?/s' ns\ fig. 
1, which still cling together without evincing the least ten- 
dency to separate: instead of which, it is a well-known fact, 
that the longer those polos are permitted to reiuain unmolested 
the greater degree of force would ho required to separate them. 
Hence, then, without entering into any theoreticaUlisqiiisition, 
these electric and magnetic phenomena are so obviously dis- 
similar, that instead of being susceptible of iiiferencos in 
favour of an identity in the operating causes, tlniy have an 
obvious tendency to bias the mind to the very opposite con- 
clusion. 

91. Let the two electric halls, fig. 3, be suspended on 
the opposite sides of a fixed ball H, which is in the natural 
electric condition. The, electric bodies p and n will im- 
mediately approach U ; and after conlact w'ith that hoily they 
will recede from. it. When the body B is insulated, and the 
bodies p and n differ in degree of electric temsion. ahore and 
the natural standard respectively, all the. three bodies 
remain electmed after conlact: and/? and « exhibit a ten- 

C2 
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deucy to recede from 15. If, on the otlier h:iml, p and n are 
of eiiual det^Tces of olociric tension above and below the 
natWal standard, tliey will neutruli/c each other throu'^h the 
medium of 15 ; and 15 also will remain neutral. If the body 
B were uXijisulated, it would be a matter of no conseciuence in 
what manner p and 7i were electrized, they would both become 
neutralized by contact with that body. Here then we have 
three conditions under which the clecrtric balls, p and w, would 
aj^proaeh B by electric action ; but in no case would they be 
re^tained in contai twith that bod)^ In every variation of 
Mh so expf'rimcijts lh(» bodies, and n , would have their elec- 
tric cncr^des considerably deteriorated by contact with 15 ; 
and in some cases those energies w'<mld totally va7iish hy s)ich 
contact, however pow erfully they might previously have bt'en 
displayed. 

Do. Let now a parallel experiment he made in magnetics, 
by suspending two light bar-niagtiets by threads as represented 
by tig. 1. When the inferior dissimilar poles n s' hang on the 
opposite sides of a soft iron hall /, as in the figure, they im- 
mediately approach that ball ; and when they have once come 
into contact with it they remain attached to it ; and the longer 
they are left undisturbed the gvealer is their tendency to 
remain there: so that the contact, instead of diminishing the 
attractive force, absolutely increases it. How very difffcienl 
are these events to those which occur by electric action. In 
every case of contact by magnetic a tli action, the forces which 
bring the bodies together, become exalted in some proporlitm 
to the closeness \)f contac t : and in no i ase are those forces 
impaired by time. The electric attractive forces, on the con- 
trary? are invariably, and immcdiat(*ly impaired by the bodies 
touching one anfitber. In sonic cases they are syuldenly and 
totally neutralized ; and in no instaTue are they of ldiig*durii- 
lion iiidepencbmtly of a contiiiucus exciting process. 

90. Elect lo-polarization (52,) has an apparent analogy In 
Inagneti^m, Tnit the diilerent ways in which the experiments 
may be varied, lead to results w'iiich show’ an obvious difi'er- 
eiice in the causes producing them. 'I'lie nearest responsive 
fact is the polarization of soft iron by placing it in the vicinity 
of a permanent magnetic pole. If, for instance, the piece of 
soft iron s\ ?i' , fig. 5, be placed near to the magnetic pole s, of 
the steel bar^v, a magnetic polarity will immediately be 
displayed in the iron bar : and aaranged as Indicated by the 
letters, vix. tl\e south pole s of the magnet w., s, will cause a 
tvotIYv voVe VW. vumaV n' , awd a’soutWpole in tW 

remote extremity s' of the iron bar : but if the nprth po'e of 
the magnet be presented to the soft iron as reptesented by 
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fig. 0, the order of polarity in the iron will he the reverse of 
that iti the former instance : though still in accordance with 
the same law : for in both cases the polc.s in the pernuiiiont 
magnet occasion poles of the opposite kind to be e^Iiibited in 
the nearest extremity of the iron : and polarity of the same 
kind in the remote extremities of the iron. 

b7. 'Idle circumstances under which the magnetic polarity 
thus displayed l>y pieces of soft iron bears so strong a resem- 
blance to those necessary to the production of elcctio-polarity 
(02, figs. 89 andOO, Pi. \l I, Vol.2,) that a superficial observer 
nui*ht easily be led to imagine that the same agency vvasiii ope- 
ration in l)oth cases : hut here, as in the cases already described 
(92,03,94,9.3,), a close iuvestigalioii of these phenomena, 
and a correct vimv of those which a variation of the circum- 
stances jiroductive of them exhibit, h^ad to very (lillereiit 
inferences. Let us, for instance, ptTinit the piec(\s of soil 
irrm, as in figs. .7 and 0, to touch the permanent magmatic 
poles to which they are presented, 'J'he steel and iron would 
remain us decidedly polar as before: and the remote poles s' 
and h’ of the two pieces of iron, and n and s of the steel bars 
would display still stronger polar forces than prior to the con- 
tact. These facts have no parallel in electricity : for if the elec- 
tric bodies P and N , figs. «S9 and 90, PI. X II , Vol. 2, be brought 
into contact with the bodies n, p, and n, to which they are 
respectively prt'sented, the phenomena of polarity cease to he 
exhibited : each pair of bodies immediately becomes similarly 
electric throughout ; the one pair, fig. 89, being all in an elec- 
tro-positive condiiioii, and the pair, fig. 90, being in an electro- 
negative condition, on every part of their surfaces. 

98. 74ie electric phenomena displayed »l)y bringing the 
bodies P, ^nd ??, p, fig. S9; and N, and p, 7i, fig. 90, arc 
easily explained by supposing an introgression of fluid from 
the relatively positive to the relatively negative bodies of each 
pair : hut it would be exceedingly difficult to understand how 
the magnetic bodies maintained their polarity by any similar 
distribution of a fluid, or of any other physical agent, for 
whatever may be the nature of the magnetic agent, it is ob- 
viously more determinedly fixed or accumulated in the 
extremities of fernigiiious bars by close contact, than when 
those bodies are at an appeciable distance from one another. 
Hence we discover that the magnetic and electric forces, 
which, at certain distances, elFect such a similarity of phe- 
nomena in bodies situated in their respective localities, are 
productive of no corresponding facts wlien the approximation 
of those bodies is sufficiently close. Neither do the phenomena 
agree which* the newly magnetized and electrized bodies 
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exhibit jiftcr they have quitted those original magnetic and 
elcC(^ic bodies whereon the respective disturbing forces reside ; 
foi^ after the separation of ;/, p, and tigs. S9 and 90, Plate 
XII, Vol. from P and N respectively, tlic former would ex- 
hibit posiOre and the latter negative action : but the 

pieces of iron, figs. .0 and 0, Plate II, would lose all traces of 
magnetic action, when one’e they were sufficiently removed 
from the localities of the magnets to which tliey had been 
attached. 

99. If it can be imagine<l that by substituting steel for the 
pif'ces of soft iron in figs. 5 and 0, Plate II, an analogy to the 
phenomena exhibited by the electrized bodies would have been 
more apparent, hy the steel retaining magnetic action after 
quitting the disturbing magnetic poles, I would observe that, 
its retaining some trace of magnetic action is a fact which 
cannot be denied : but in that case the steel would remain 
polar, as is always the case with magnetic bodies : and as no 
trace of polarity would be exhibited by the electric bodies, but 
on the contrary, an uniformity of electric action would he dis- 
coverable over every part of their respective surfaces, the 
supposed analogy again loses its support, and as decidedly 
fails in this instance as in those previously discussed. More- 
over, the pieces of steel would retain their polarity unimpaired, 
even after long continued contact with other bodies ; wluneas 
the electric bodies would lose all trace of electric action hy the 
slightest touch with uninsulated condiu'tors. 

IDO. A glohoiof steel may he made to exhibit permanent 
magnetic polarity when far removed from every disturbing 
force : but the same globe will not maintain any corresptHuling 
electric action, , A plate of glass will exhibit electro-polarity, 
on its opposite surfaces, for some considerable time, after it 
has been removed from the exciting apparatus : but magnetic 
polarity is not known to be exhibited by glass. If then the 
magnetic and electric elements he identical, why this capricious 
selection of bodies for the display of these parallel phenomena ? 
The electric forces will attract all kinds of matter without 
exception ; but the magnetic forces appear to he exceedingly 
select in this particular ; operating on particular kinds only. 
Coated glass, whatever maybe its form, affords no permanent 
electric attractions, whicli are, in the least', comparable with 
the attractions exhibited by magnetic bodies : for if a metallic 
arc connect the two sides of a Leyden jar, the electric forces 
immediately disappear ; but an iron arc connecting the poles 
of a horse-shoe magnet is permanently held there, unless 
removed by mechanical violence ; and the longer it remains 
undisturbed by extrinsic force, the more vigdrously is it 
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attracted by the poles; and iliorc is no l^no^^n subslaucc 
w hatever, by which the poles of a ina^Miet lua} l)e c()aiiec}cd, 
that will, in the least, deteriorate their powers. 

10 1 . Those few kinds of elementary matter on which 

magnetic attractions are known to be exorlcd, ‘display no 
distinction of vespec'.l for the noj'th or south polar forces, being 
attracted indiscriminately, and to the same extent, by both. 
\ ery dillerent indeed are the nice discriininal ions of tluv 
positica and negative electric forces manifested in an almost 
endless variety of phenomena, every one of which teems with 
interest in the contemplations of the philosopher, and beau- 
tifully charaeteri/e.s the agency of their production. If, for 
instance, an intimate inixtnre of snlphnr and red lead be 
indiscriminately projected tbroiigli tluj ifir to a series oi posi~ 
tively and negatively electri/ed snrfacjes, the pow^kirs will be 
separated from each other by the dissimilar electric forces, 
into whose .s}'hevcs of act ion they are thrown ; and the sulphur 
and red leacl will respectively be found at I In? positive and 
negative surfaces, exhibiting a pecuhaiity of anangemont not 
knowm to be aeeoinplished by any oilier kind of physical 
agency^* Similar selections are uniformly exhibited by elec- 
tric forces, whenever the particles of compounds on which 
they operate are sulUcicntly voluble to be put into motion by 
them, or are held together hy inferior powers, ICvery individual 
electro- chemical decomposition appears to he an instamie of 
this kind of action, and demonstrates the peculiarity ot‘ this 
important fact. ^ 

102. It has been said l)y M. (Tlrslcd, that the only dif- 
ference in the electric and magnetic force.s rests in their 
dillerent degrees of tension or activity ; tin;, electric being the 
more active or vigorous in its operations : and this hypothesis 
has been attempted to be supported by M. Ampere and other 
philosophers, whose opinions on this subject w?ll long com- 
mand respect, lint 1 must confess that I cgri discern no 
satisfactory discrimination of this kind, nor am I ac(piainted 
with any facts that are even in the least favourable to it. It 
is well known that electric attractions arc the most powerful 
when the bodies exhibiting them manifest the greatest degree 
of tension in the di.splay of all other electric phenomena. The 
spark, for instance, is shown to the best advantage when the 

♦ This fact was first shown by Tieightenberg. Cavallo and 
Bennet, especially the latter philosopher, have extended the original 
experiments of Leightciiberg, and varied them in a variety of 
pleasing and interesting ways . — BenneVs New Experiments on 
tricity, Derby ^ 1 789. 
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electric body, whence it proceed, exhibits the greatest degree 
ofa^ractiou: and (he charge of a jar is accomplished in the 
shortest period of time, and with the greatest degree of facility, 
under similar ciroinnbl.ances. Moreover, when electric dis- 
charges ar? performed, either from a single jar, or from a 
battery of jars, the striking distance is greatest, the flash is 
tlie most brilliant, the iioi.^t? is tl\e loudest, the physiological 
effects are the most powerful, and, in fact, every phenomenon 
is exhibited under the most advantageous circumstances, and 
in the most perfect manner, when the jar, or battery, is in the 
most suitable condition for a display of its attractive energi(>s. 

103. Ihil now let us enquire into the extent to which 
clectri(i attractions are u.Mially exhibited. J I as any eleclrician 
ever seen a prime condnclor, (which always shows attraction 
more powerfully than any other electric a]i[)aratus) supjit.rt, 
by its electric energies alone, a single onnre of any kind of 
matter/ [ presume not. If, then, with this insigniiicant 
attracting force, electricity be prepared for a display of some 
of its most splendid and terrific phenomena — the production 
of vivid light, intense heat, the noise of Ihmidor, and the de- 
struction of animal life : and that magiiclisiu proceeds from 
the same cause or agency, it seems natural to ask, why it is 
that similar phenomena arc not exhibited to (lie same, or eve, n 
a greater extent, by a magnet i'/cd body whose attractions are 
ten thousand times ten thousand great(U’ than any ever wit- 
nessed in electricity/ These important questions, which 
stand so proniineijtly and essentially in the path of investiga- 
tion, demand the most profound couteinplalivUi of the pliiiojso- 
pher, and must not be passed over in silence by those who are 
endeavouring to j^lentify the electric and magnetic powers. 
We have yet to learn the mode of producing if ni^ignetic 
spark, and arc totally ignca’aiit of the sensation coiiimnni/fared 
by a magnetic shock. And magnetic chemistnj is so profoundly 
obscured froiv our knowledge, that no one knows even of its 
existence. 

104. If our reasoning he permitted to rest on facts alone, 
independently of favourite notions and ingenious hypotheses, 
which are hut too apt to captivate the imagination of the 
superficial observer, and, sometimes, even to .sap the under- 
standing of the more studious in science, tlie obvious contrasts 
in (he phenomena presented by elocitricity and magnetism 
enforce themselves upon our iiotici? too powerfully to bo mis- 
understood. E\< n the attractions, themselves, in which 
alone the appearance of analogy exists, are so exceedingly 
dissimilar, so truly distinct from one another, that their pecu- 
liar characteristics are well defined and easily discernible, and 
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cannot ho uiistakcn by those who devote to them a proper 
and sutFicieiit degree of attention. 

105. All insulated eleclri/cd globular body radiates its 
attracting inilueiice on every side alike, when surrounded by 
an unitorm medium, such as the atmospheric airi as may be 
undcHsrood by fig, 7, PI. 2, which may represent a great circle 
of the globe with its radiating eleetric force. J^it a inagiieti/ed 
globe, similarly situated in space, exliibils no such radial in- 
fluence ; for being [lolar on opposite points (//. .v. fig. S,) of 
its surface, the greatest disposa/de* atlractiiig forces are 
oxertetl about those jiolar regions, and especially in the lim*. 
of their axis continued. At riglit angles to I bar axis, in the 
plajK*. of the erpiator, e the polar forcr's, by ibeir mutual af« 
Iraclious, nearly balance one aiiolber ; neither of tliem exhibit- 


* It a])penr‘< by tlie (lis(ri()iition of iron-filing'^, when strmvcd on 
pM|)er, abov(* a bar nnigin't, that a cou'^iderable portion of ilu* 
and sttvith forces are CMigaged in attracting one another, as shown 
by the curve lines assmn(‘d l>y the filing'*; and, coii'secpuMitly, are 
not employed, or, at least, very sparingly so, in any attractions 
which the magnet exercises on foreign bodies, such as pieces of 
soft iron, magnetic needles, &c., placed a few indies distant from 
iis extnnniiies and in a lino with its axis; or, indeixl, oppositij to 
any oilier part of its surface; and, although iniuli more of the 
magnetic force is brought into ])lay as tlic iron is brought noartir, 
and most of all when it is in conta- t witli the pole of the magnet, 
there is still a considerable portion of force which ( annot be exerted 
on this foreign body, because of its being engjiged with the oppo- 
site force, about the surface of the steel, which lies between its ex- 
tremities]; and especially that which is situated near to its cmitrc. 
For conyenience then, 1 call that portion of the magnetic force 
which i^ea about the equatorial part, Vha enymjcd forca ; and that 
which is brought into play on foreign Iiodics, the disposal) fe force. 
The disposable force of any magnet may be diverted from its ori- 
ginal directions of action by the approximation of ferruginous bodies; 
and, in some instances, nearly the whole of it may be drawn from 
a body on whidi it operates, w'itliout moving either the magnet or 
the body. To illustrate this point, let a bar magnet be placed six 
or eight inches distant from the pivot of the neetlle, and at right 
angles to its direction. The dispo.*nble force of the magnet will 
deflect the needle to some considerable number of degrees. Now^ 
place on each side of the ma<jnet, parallel to it, and about thiee 
inches distant from it, a piece of soft iron, about its own sliapc and 
size. The deflection of the needle will lessen considerably, showing 
that a portion of the disposable force has been diverted from its 
action on the needle. Now, bring the pieces of iron nearcc to the 
magnet, and the deflection again decreases ; and when the pieces 
of iron are brought into close routact with the magnet, one on each 
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ing much diapomhle influenci^ on exterior Lodies. Another 
gr( •a^ characteristic distiiiclion in the display of the electric 
and niagnetic forces by these bodies appears to be this ; — the 
electric force is wholly disposable and ready to be exerted 
upon, and e\'en transferred to, other vicinal bodii?s: whereas 
the magnetic forces cir(‘ neither transferable nor wholly rf/y- 
posahle, for no magnet has yet been known to have its power 
impaired by contact with uninagnetized boilies, and in no 
case is the whole of its attracting power exerted upon a vicinal 
body. 

100. I liave be<jn exceedingly anxious to discover, if pos- 
si'']e, some facts w^liich might atlbrd analogies whereon to fix 
a basis of reasoning on the identity of these physical agents ; 
but, although 1 havo*in(*t with some furtln^r pheuoineiui, far 
from being uninteresting in the discussion, a close examina- 
tion of their true character has shown their evidence in favour 
of the supposed identity to be of no more value than that 
afForded by tlic facts already noticed. 

107. If there be one electric apparatus more than another, 
whose action resemljles the action of the magnet, it is the dry 
electric colninn, whose polar forces are more uniformly and 
permanently exhibited than those of any other electrical in- 
strument. But the attractive and repulsive powers of this 
instrument, like those in all other chjclrical arrangements, are 
exceedingly feeble when compared with the gigantic powers 
of a magnet ; they are, moreover, directed towards, and 
operate upon, ev^^ry kind of matter without distinction, 
whereas (he magnetic attractions and repulsions, notwith- 
standing their vigorous action on ferruginous bodies, are, with 
the exception of oyc or two of the metals, perfectly inert on all 
other kinds of matter. I'he attractions and rcpulfioi^^ of the 
electric column are productive of vibratory motions in pen- 
dulous bodies properly situated between the poles; which 

side, from end to end, nearly tlie whole of the disposable force will 
be exerted on the iron, and but very little of it, if any, will reach 
the needle so as to cause a perceptible deflection. Now, in this 
case, the exlreiiiities of the magnet are still untouched by the iron, 
and are, consequently, as much exposed to the needle as when the 
iron was not present ; notwithstanding which, it is obvious from the 
experiment, that the disposable force which before deflected the 
needle has now taken another directioji,*and is employed in polar- 
izing the pieces of soft iron. The disposable force of the magnet, 
however, although it cannot now reacli the needle* with a sufficient 
degre® of forniidableness to accomplish deflection, is not entirely 
engaged by the iron, a residuum still remaining, which is detected 
by bringing the needle nearer to the magnet. • 
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show that the vibmLinijf body chango-s ifs eloclrio roiidition at 
every contact with either pole of the iiislruineiil, and accf)iu- 
modates itself to the atlraclivc influence of the opposite fiole. 
When the pendulous body has come into coulact with the 
positive pole, it accpiires an electro-positive condirion, and is 
repelled to the negative pole, where it deposits its charge and 
becomes elect ro-negativo. It is now again under the attractive 
influence of the positive pole, to whicli it is compelled to make 
another journey, alld //v>//^ which it receives anew charge 
and an immediate succeeding repellent impulse, which again 
directs it to the negative ])ole ; and in tins manner the siis- 
j)ended body performs its vibratory molir)ns, being in an 
electro-positive condition whilst travelling in one direction, 
and in an electro-jiCgative condition wliilst tiaveJling in the 
otlier. lly thohc moans a ptfl.s'tfort/ currant pcuanca tes tlie 
pile from the iicgati\e to the positive pole, the fluid h»‘ing 
trarisported through thf air, from the latter to the former by 
means of th<‘ pendulous hody.^ 

!()><. Besides the peinluloiis motions already alluded to, 
the dry elcelric column is producti\eof physiological and che- 
mical phenomena, will emit sparks and charge coated glass 
and other inferior conductors, as decidedly as charges are 
produced by the machine : all of which are so perfectly dis- 
tinct from, so d(icidedly foreign to, any known capabilities of 
the magnet, that there is not to be found one solitary trace of 
analogy in the porfornuiiice of the two kinds of apparatus. 
The attractions and repulsions are the only phenomena in 
which there is a shadow of resemblance, whilst in reality 
even this faint analogy has obviously no special existence. 
The flelicate electric forces which alternate the conditions of, 
and give A’ibratory motions to, the pendulous body^ find no 
simKarity of action in the ma,jcsli(! attractive forces of the 
magnet, which select those of their own species only ; whose 
coeval polar affinities mutually exalt the aotionj and constrain 
the attracted body to assume a determinate polar condition, 
and prevent its escape from the vigorous influence of the 
pole to which it is first attached. Hence as no vacillancy in 
the magnetic condition of the attracted body is produced, the 
grand essential to vibratory motion has no existence in mag- 
netics : nor can any such locomotions, as those exhibited by 
\ 

* As this discussion requires experimental facts rather than 
theoretical opinibns, I have not, in this plac’e, entered on the doc- 
trine of the dry electric column. It is possible J may have occasion 
at some other time, to enter fully into the philosophy of this interest- 
ing apparatus. 
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the electric column, be produced by any known self-acting 
powers of the magnet. 

1C9. If we are tc^look for the supposed identity of electri- 
city and magnetism amongst electro-magnetic phenomena, 
we are still far from arriving at satisfactory conclusions as 
in any other branch of tlie science. It is true, wc liere lind 
some of the most striking* and interesting atlinilies which 
electricity and magnetism have hitherto de\ eloped ; atllnities 
wliich will ever link these sciences together in the lirinest 
bonds of physical union, though by no means identifying the 
elements by which the phenormnia are produced. J^iUch cle- 
nuntal agent plays its own part in the i)roduction of electro- 
magnetic phenomena as decidedly as in those of magnetic 
cdectricity, whose diSplay is accomplished by the reciprocal 
exci lenient. 

IK). From the attractions and repulsions exhibited by 
wires carrying electric cuiTents, Al. Ampere was led to imagine 
that all magnets owe their influence to an unremitting circu- 
lation of the (‘lectric fluid ; an hypothesis so exceedingly 
ingenious, and so eminently cahuilated to lavour tlie expecta- 
tions of some philosophers, that there can be no astonishment 
excited by its gaining proselytes amongst those whose minds 
were already predisposed for its reception. I?ut, notwith- 
standing the respect which is due to the talents of those 
philosophers who have fivoured Ampere’s views on this topic, 
I must candidly confess that the hypothesis has always 
appeared to me to be much easier to acknowledge than to 
understand. In the present investigation I have considered 
experimental facts as the only data on which I can proceed 
with any (;hancc of success of arriving at a close approximation 
to true theoretical inferences. I have, therefoio, ,neither 
ventured an opinion of my own, nor permitted the views of 
others to influence the inquiry. 

111. The imaginary electric currents to which Ampere 
refers all magnetic action, lead us io enquire into the character 
and situation of their source, and by what means they can be 
supposed to be perpetnally and equably maintained, eitln'v 
oil the surface, or within the ])ody, of a steel bar. Here it is 
that we are led to enumerate and examine all the knowm 
artificial sources of electric excitement, and endeavour to 
trace their influence to the operations of pt rmanent steel 
magnets. Independently of magnet h excitation, we know 
of only three sources of electric currents, viz. frictional, voltaic, 
and thermal: for besides these four, there are no other sources 
known hence if a bar of steel which exhibits perma^ient 

* The dry electric column is liere omitted. 
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magnetism has that power conferred upon it by the inlUienci* 
of electric currents, which must necessarily be as durable as 
the magnetic action itself, to which of these sources are we to 
look for the supposed actuating currontf? Or arc tliert' other 
sources of electric currents of which wo are ^et enliiely 
ignorant ? But, from whatever source those imaginary cur- 
rents may be supposed to proceed, that source must necessarily 
be situated either on the surface, or within the body, of tlu* 
steel. The idea of electric currents being excited by //7V://o/^ 
amongst the particles of (he solid nietal, is too absurd to be 
entertained for a moment: and the conditions necessarily 
rerpiirod for the prodin^tion of rollair cinrenls, are* no where 
to be found in tlie steel : hence our eiif|uiiios are necessarily 
limited to i/iennal excitation alone. 

112. That thermo-electric currents are producible in every 
piece of metal, wliother pure or compound, is a fact which 1 
have proved hy very extensive experiuients, some years ago,* 
But it must be understood that to produce an electric current 
by any means whatever, requires a co-existent motion in some 
of the elements employed din’ing the whole time the current 
is llowing: unless it be of a momentary duration only, and 
the effect of an impulse, in whieli case the current may con- 
tinue to How for a short lime subsetpienlly to the terminal 
exciting impulse. When a current is produced by an (4ectrio 
machine, the glass cylinder, or plate, as the case may be, is 
necessarily kept in motion. When a voltaic combination is 
the electric source^ the UberaUd elements of the litpiid in the 
battery are put into motion and become vehicles for the trans- 
portation of the electric fluid to and Irom the solid parts of 
the arrangement: and a thermo-electric current de pern Is upon 
the motioivof tlie ealoritic matter: for wdien that ett*meut is 
perfwctfy at rest in the combination, the electric current ceases 
to How'. 

113. From the above considerjitions it appears, that a 
perpetual propagation of thermo electric currents on the sur- 
face, or within the body, of a steel magnet would require a 
perpetual mol ion of calorie wiiliin its mass: which motion, 
unless the production of some hichlen, mysterious, and unsus- 
pected figent within the steel, would re<jiure as coulimnd an 
influx and efilux of the calorific element from and to the sur- 
rounding medium. Moreover, the laws of oleclro-magiietism 
require that ihe- direction of the electric currents* should he 
at right angles to the axis of the steel bar ; and the ingenious 
author of the hypothesis has ventured to assen*t that their 
route is in that direction, in a series of parallel spirals round 

* Philosophical Magazine and Annals of Philosopliy, \ol,x. p, 1, 
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its surface.* Such, then, are the necessary conditions upon 
whic^i Anijjerc’s hypotliesis essonUully depends ; and being 
now, probably lor the first time, disrobed of their mysterious 
habiliments, 1 must Sfecessarily resign the glory of their dis- 
covery to those philosophers wlio still entertain the idea of 
their existence in the steel, and who may j)os.sibly be enabled 
to penetrate the subject still diCper than 1 have investigated 
it. But before I (piit this important topic, 1 will mention a 
few more facts, which to me, have appeared of some conse- 
quence, and can hanliy fail to be interesting to others who 
may be induc(‘d to pursue the enquiry. 

1 1 t. If th(‘ tonq)(*rature of one extremity of a steel bar be 
elevated, and, by that process, electric currents become excited, 
those currents would •necessarily be more powerful than any 
which can be supposed to exist in the metal at its natural 
temperature : and if the other extremity of tlie steel were to 
be heated, and again thermo-electric currents be produced in 
it, those latter curreiits would he propagated in the opposite 
direction to the former, and consequently the magnetic forces 
which they brought into play would be exerted in the reverse 
order to those which the first currents excited : and these 
artificially excited elect vo-magnetic forces being more powerful 
than any which the iiatural electric currents could 

produce, they would predominate over these latter, and give 
new energies to the bar, reversing its poles in accordance with 
the directions of the currents. Hut on making the experi- 
ments, and curefplly examining the phenomena, I find that 
no such coiTcspoiidiiig changes luive taken place in tln^ polar 
forces of the magnet : and, although I he poles themselves are 
considerably mohisted during the iiiKMpuil temperature of the 
oxtremitics and other parts of the magnet, and aut) removed 
from their original positions by the heating process, th^y do 
not assume those positions and variations of force which the 
thermo-electric current would necessarily give to them, were 
they governed by no other iiilluence :t hence 1 infer, that 

* Aniialos <le Cliimie et de Physique, t. xv.; and Ampere’s 
Hecueil dcs Observations Klectrodyiuuiiiqucs. 

+ At the time this memoir was first drawm up, only a few ex- 
periments had been made on this part of the enquiry, the general 
results being such as are described in the text. But, whilst writing 
a fair copy for the press, I was led to* reconsider this part of the 
subject, and it occurred to me, that iTy pursuing the experiments, 
some results miglit probably appear which would-be inten*sting in 
the theory of terrestrial magnetism. f, therefore, resumed the 
enquiry and hav(j been led to some novel facts winch, to me, have 
ap[)eared exceedingly important, by thix)wing a new* light on the 
action of caloric on magnelisin. They will be explained in the 
Third Memoir. 
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thcrnio-eleclric currents do not constitute the sustaining 
power of the magnet. , 

1 1 . 5 . I next subjected a steel bar magnet to the Inlluem e 
of electric currents proceeding from a voltaic pair of copiier 
and zinc. The voltaic combination was of the Vyliiulrual 
shape and size, which, as is well known, I havt^ long employed 
for electro-magnetic purposes, the zinc being siuToum led with 
brown paper or calico, to prevent contact with the inside of 
the copper ; and the whole placed in a pint porcelain jar, the 
exciting liquid being a solution of nitrous acid in water. Tlui 
magnet which I employed was of hard-cast steel ; — cylindrical, 
and about (1 inches long, and f of an inch in diameter. It 
was w’ell polished on an emery wheel, and of considerable 
power. It would lift, by one of its poh'jf, a piece of soft iron 
of its own weight. A piece of soft iron of precisely the same 
figure and dimensions as the magnet, was also prov ided. A 
single helix of copper wire, No. 13 , of the same length as the 
magnet, was finmed on a hollow pasf('1)()ard C3linder, of snf- 
ficiemt width for the easy introduction of the magnet or iron. 
With these preparations, and a compass-needle furnished w'ilh 
an agate cap, and siqiported hy a fine hive] point, the experi- 
ments were carried on in the following manner. 

116 . When the meridian line of the compass-hox had 
been adjusted parallel to the needle at rest, the helix was 
placed on the, eastern side of its pivot, with its axis in the 
same horizontal plane as, and at right angles to, the axis of the 
needle; the nearest extremity being 12 inches from tlic needle’s 
pivot. Fig. 9 , Flalc 11, is a representation of the arrange- 
ment, whore C is the compass-box, H the helix, and 11 the 
battery, lleforc the battery connexions vfcine made wjth the 
helix, the n^agiiet was introduced to the ijitcrior of the latter 
with #ts marked end nearest to the needle, consc(iuently at 12 
inches du tint from its pivot. The south end of the needle 
was drawn towards the magnet a certain number of degree’s, 
and this deflection being noted, the magnet was taken out of 
the helix, and replaced again with its poles in the reverse 
order, hy which means the north end of the needle was drawn 
towards the magnet, which deflection was also noted. Tlie 
magnet’s action on the needle being thus ascertained, the 
electrical force of the ])atlery was laid on, whilst the magnet 
was in the helix; and when the defied ion arising from this 
combined force had been a^?ce^tained, the battiny connexions 
were reversc’d, and consequenlly the directioji of the cmreiit 
in the helix was reversed also. This last direction of the 
current gave a new deflection of the needle, \vhi( h, after 
being asuerttiined, was also noted down. 'I'his done, the 
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magnet was reversed in the helix ; and when the deflections 
of the needle arising from the tMirreiit Iraversing the helix in 
each direction respectiviily had been ascertained, the electric 
current was finally cut off, and the deflecting power of the 
magnet alone again ascertained in the same manner as at 
first. 

117. The har of soft iron was next placed in the helix, 
and the electric current again laid on; and when the deflection 
arising from the polar force of the iron, by the first direction 
of the current, had been aftcertaiiicd, the battery coimexioiis 
were reversed, and with thorn, of copr.se, the polarity of the 
iron was reversed also. The now deflection was noted down, 
aiui the iron finally removed from the helix. The deflecting 
power of the current alone, when no iron nor magnet was in 
the helix, was also ascerlained at difFcroit limes during tliese 
experiments ; two sets of whicli were made with two different 
batteries — fbe forimn* by an old battery, and the latter by a 
new one. The results, with all the necessary particulars, are 
arranged in the following tables: — 

First Seuiks of Kxpkrimknts. 

Deflections with the magnet in the /ieli,i\ with and without 
the electric current from the old battery: and magnet 
retouched. 


With or without i 
the currrnt. | 

or uninarkrd eiio 

North or Si mill eiul of the 


1 

of thi' iiia^iK't lU'.ircst 
to tho uocUIg 

iicedlo ilr.ivMj lowunJs 
the in.ijiiift 

Upfli’ctions 

Without . . . 

Marked 

South 

15" 

1 

Ditto 

l^iinaiked 

North 

l(i“ 

3 

Willi . . . . 

* IVIarkcd 

v'^outh 

17> 

a 

Current reversed 

ditto 

ditto 

“ 7t 

4 

With . . . . 

IJiiiiiarkod 

North 

18“ 

5 

Current retersed 

ditto 

ditto 

9’ 

(J 

IVTn|rne{ alone . . 

I Unmarked 

North 


7 

Ditto 

ditto 

ditio 

13^ 

8 


118. The electro-magnetic force in the helix alone, hy this 
battery, produced no perceptible deflect ion of the needle : hut 
when the soft iron was placed in the helix, the mean of seve- 
ral deflections, with the currents in dillerent directions, was 

17°. 

1 19. Hy tahing the mean of the deflectiops 3 and 5 in the 

table, which are those obtained whilst the electro-magnetic 
action of the current corrspired wdth that of the magnet, and 
comparing that mean with the mean of the deflections 
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with the soft iron we find that they are nearly to the 

same extent. And by comparing these again with defioctipns 
I and 2, which are due to the magnet alone, we discover that 
u current which i.s incapable of exalting the original deflect- 
ing power of the magnet 2", is yet capable of racing a de- 
flecting power in solt iron, ecjual to the wdiole of that exhi])ited 
1)}^ the magnet, even when aitled hy the influence of the cur- 
rent. Wo cLscover also, by deflections 4 and (>, that the same 
current, wiieii exerted in oppostthn to tJie energies of the 
magnet, is incapable of counteracting move tliaii one-half the 
<lefl(*cting power ol the latter. And we learn, by comparing 
defleciious 7 and S, which are those due to the magnet after 
being subjected to tlio rererm^ electro-magnetic furtion of the 
current, with deflections 1 and 2, that tlie snmo electric <;ur- 
rent, whit h excited so great a power in soft iron, was inca- 
pahle ol reilucing the ponnanont action of tlu' magnet more 
than oiU!-iilth of that which it originally exhibited. 

SrcOND SkiuKS of IIIMKXTS. 

DeJIicfioris irilh fJte ntap^nut hi tJif* vifJi and 

trifhoat the, ehutne current y irilh the new batten/; and 
nia/Tner retonrhetl. 



M.irkiMl or uiiiti.irked cn«l 

North or S*>ntli oml of iho 




of ih<* ntaanct no.irosl 

IMMmUo llr.UM) lo\Mu«ts 

Dcfloctinn* 


1 Iho nocMlli*. 

lUf niamn 1 



VVithoJit . . 

Marked 

South 


1 

Ditto . . . 

ljniiiar\ed 

North • 

19’ 

2 

VV'itli current . 

Marked 

South 

t>5^ 

3 

Ditto reverseJ, 

ditto 

\oith 

• 

U 

4 

lVliij;iiet al(^e • * 

Ditto 

South 

ir 

5 

Ditto . , 

Unmarked 

North 

9* 

r> 


Magnet re-magnetized. 



IWithout , , . 

Maiked 

South 

au 

7 

Ditto . . , . 

Unmarked 

Noith 

21* 

8 

With current . . 

T<ri marked 

P’lto 


9 

Ditto reversed. . 

Ditto 

South 

2’ 

10 

iVIngnet alone . . 

Ditto 

North 

8' 

n 

Ditto . , . . 

Marked 

Sou til 

10’ 

12 


• 





With this battery the soft iron gave a deflection of 
and thecurient alone, without either magnet or iron in the 
helix, about 1". 

lliO. In thiij second scries of experiments there isdi.^playcd 
a manifest superiority of electro-magneiic action over that 
VoL. IV. ~\o. 19. July, 1S39. D 



50 Mr. Sturgeon’s K.vperhneMnl and THooreticnl 

shown by the old bfittcTy; but nltboiigh deflections 4 and 10» 
shqw that the electro-umgiielic action completely counter- 
balanced the deflecting force of the steel magnet, deflections 
5, 0, 11, and 1'2, as obviously demonstrate that the original 
magnetic power was very far from being annihilated, and tliat, 
notwithstanding the vigorous electric (nirrent to which the bar 
had been subjected, the latter retained about one half of its 
original power, which tliat current was unable to subdue. 
Indeed it appears from both series of ex[)erimems that a 
great portion of the electro-nnigiietism of the heiix operates 
merely on the disposable part of the magnet’s 1‘orce, and 
diverts it from its original direction, in tlic same maimer as 
soft iron, or ol In r magnets would do; and the (‘lectro-mag- 
notic force thus engaged, is prevented from assisting the other 
portion in conferring permanent oHccts on the steel. W hen 
the constraining electro-magnetic force is removed, the liber- 
ated disposable fon e of the magnet willi which the former 
had been engaged, again resumes its origiind direction, ainl 
gives the needle a new delh'ctioii, in tlnj same direction^ 
though not to the same extent as at first (Deflections 5, iy, 
II, 12.). 

121. 1 am not aware that any one would venture to assert 

that electric currents, more powerful than those emjdoyed in 
these experiments, still existed in the steel: and if not, to 
what cause are we to allude the retained magnetic force f 
Idierc must be some agent in operation which still sustains 
the polar actiivi, and lesists the energies of the a'^sailing 
electric eurrenl. 'Phat agent cannot he eleclri(‘ity, or it would 
have hem subdued by the counteraction of a superior electric 
force ; it must,«ther{dbre, be admitted, that some other l)hy- 
sical agent, perfectly distinct from the electric, ^ue^tides over 
the polar forces of (he steel magnet. * 

122. I am well aware that, liad tlie electro-magnetic force 
of the current been more powerful, the magnetic forces of the 
steel would have sufiered to a greater extent; and it is possible 
that an electro-magiielic foree might be employed of sufficient 
extent to completely annihilate the original polarity of the 
steel, or even reverse its polar action; but I should wish it to 
be understood, that to accomplish such an efl'ect, the electric 
current employed must be very powerful indeed : and whatever 
extent of polarity might be cxliibited by the steel after the 
removal of the exciting electro-magnetic force, the retention 
of that polarity could not be supposed to depend upon that 
absent exciter, any more than the polarity of this, or any 
other piece of steel, could be supposed to be si^stained by the 
absent magnet wdiich first excited it: and our present know'- 
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lodge of eloctro-dyiiainios does not permit us to indulge in the 
idea that any sustaining electric euiTeiits remain in the steel. 

123. We have seen by the preceding experiments, that 
the power of the magnet was considerably lessc^ied by the 
action of the electro-magnctic force in the helix; but it must 
be observed that the latter force had no s^untnhting power to 
contend with, excepting that exercised hy the retention of 
the sttM‘1: but if the magnet be placed under the iiilbionee of 
a SNsfai?ii?7g magnetic force during the time it is assailed by 
the elect ro-rnagiiet ism of the helix, it will Ix' found that the 
latter is too imp<jt(‘nt to make any other than a very slight 
permanent impression on the original power of the steel mag- 
net; and, und(n*some cireuinstances, notdht? slightest impres- 
sion is accomplished. To prove this fact, 1 place the marked 
end of a magmatic bar, seventeen inches long, in contact with 
tlm anmarked end of tin* six inch cylindrical magnet wliilst 
placed in the helix, (he marked end of the latter being nearest 
to. the n(*edki, as represented by tig. 10, 1’late 1 F. I now trans- 
mil the electric cuiTimt through the Indix, in a direction which 
temls to neiitrali'/e the magnetism of the inclosed bar. The? 
current is (continued for more than a minute, after which it is 
removed, and as speedily as ])Ossible, the long sustaining mag- 
net is removed also. This done, llie deilecling power of the 
cylindvie magnet is again ascertuiueAl. I'he following table 
shows the results. 

Tniiu) 8i:uils of MxeKuiMF.r^Ts. 


Deff eefions n ith the magnet in the hellr, with or without 
the electric current , from a new battery. 


With *jV wilbout Uie 
olotlrn- cuiriMit, 

Maiked (»r uiiiTiaikv.'il pole 
of the* ni.i!;iiot to 

Ihi* ricedio 

N <)i S. eml of thp 
ncrillc attracted 

l>cflc(iiuiii 

Without the cun cut 

CJitinarked 

North 


Ditto 

Murkcil 

South 

31^ 

Ditto 

i 

Ditto i 

sustaining itiag- ^ 
net attached, i 

Ditto 


With the current! 




tending to neutralize \ 
the magnet . . . j 

Ditto 

Ditto 

59’ 

Current and sustain-' ^ 

Marked 

Ditto 

S>C’ 

ing magnet removed ^ 

Unmarked 

North 

iir 


121. I next place the c}lirulrical magnet under the inllucnce 
of two sustaining magnetic bars, each 17 inches long; .sub- 
mitting it, at the same time, to the action of an electric cur- 

D2 
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rent, tending to neutralize it. I’ho arrarigeuient is repro- 
^^ented by fig. 11, aiul the results were as lollows ; — 

ForuTH Skriks of Experiments. 

Moiiii Moil of 
bolli poU M of Lhe 
Nfoillf 

Before the magnet was subjected to the action 

of the current ...... Ii0“ 

After the magnet had been subjected to a cur- 
rent tending to neutralize it . . . 31" 

12.'5. When under the sustaining force of two magnets, we 
find that tlie electric current makes no impression on the 
small magnet on whi(!li it operated. The trifling power whicli 
the magnet gained during the experiment, was obviously due 
to the inllueiice of the bars betw een w liich it w'as placed, 'rin* 
additional powder given to the intervening magjiet, by this 
means is, however, but very small, never amounting to more 
than 2^ of deflection, as I have ascertained by several expe- 
riments, by permitting the cylindrical magnet to remain be- 
iwf'on the poles of tlie two large ones, as in fig. 11, for two 
minutes in each experiment ; which is a much longer time 
than it reu\aiiievl under the same inftuence al’ler the removal 
of the electric current in the preceding experiments. Hence, 
since a sustaining magnetic forccj may be tun ploy cfl to any i*e- 
(juired extent, the obvions inference is tins. Ao ('lectrtc 
current, houereA' poirerful, /> capable of impairinijr the, 
powers of a Jmrd steel magnet, whilst the latter is under the 
protecting influence of a proper ptirehj magnetic forre, 

12(). Hav ing„ ascertained that the Mi.N'aining magnetic 
force docji ii<d operate as an exciting power ( l!25j,* 1 *vas led 
to Slippage tliui the power of the protvetf'd magnet is*siis- 
taineJ by tlie mutual altraclioii.s of its own disposable forces 
('l().'5, note) and those of the su.>*taining magnets : the north 
and south polar forces engaging with each other too intimately 
to be di.sunited by the assailing electro-magnetism in the 
helix. 'I bis view of the nature of the action led me to try 
soft iron as a means of sustaining the power of the magnet, 
whilst the latter was sul)jected to the action of an electric 
current, considering dial a portion of the disj^osable force of 
tin magnet would be employed by, the iron, and thus be pro- 
tected from the assailing electio-magnetic force ; but it was 
found by the expernneats about lo be described, that soft 
iron aflPords no protection whatever to the magnet when 
assailed by a converse electro-magnetic force:, but on the 
contrary, the iron facilitates the suhduction of the original 
powers of the steel magnet. 
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127. 'rhe experiments were nintle by placing the cylin* 
<ljical magnet in the helix, and ascertdijiiiig its deflerling 
])ower on the needle at the original distance of 12 indies. 
'I'hen placing in contact with its remote pole a cylindrical bar 
ot soit irmi, G indies long anil about an inch in (liajneler. An 
additional dcUccting force is thus given to the magnet, which 
dellectioii is also noted down. Another bar of soft iron, 
indies long, and about the same thickness as the former, was 
next placed in contact with that polo of the magnet nearest to 
the needle, and the new deflection thus given to the needle 
alsL) noted down. 'J’his done, the electric current from a new 
battery was transmitted tlirough the helix, wliose magnetic 
powers were opposed to (he powrers of the enclosed magnet, 
d'lie I’ollowiiig table shows the results: — , 

Fifth Skuiks of J'lxcFin.MKNis. 

JJo/lectJtws n ttli tike in thehelir, frith a?/f/ trlth- 

out (hi: soft iron and rlertric cktrrrnf fioni a nnr hnttto'ij. 


With O' >Mth()ut t 1 it‘ soft noil 
and ('lo( trn‘ ciirrrijf 

or un 

'iii.irkeit iMld near 
I'}*! In til*' 

W'itlioiit cuiTtMit or iron . . . . 

Maikeil 

\V ilh larger \>iecp oi* iron . . 

ditto 

With bndi pier.e.s oi' iron . . . . 

rlitio 

Do. with .a roiiviM'.se elertrio current 

ditto 

( iirieiit nit n!)', I'lit imn remairiin*; 

1 ditto 

Magnet nioiio 

ditto 


..V i>r ^ cml! 

1 ol , 1)( 1U‘( tioi.i 

I atltMitiil I 


South j 


^ ditto 1 

.\T 

i 

1 ditto , 

li5’ 

North 

40’tlirn l9' 

* 1 

South jfr 

1 

‘ J 

ditto 

! 10' 


I 

‘2 

•i 

5 

I’l 


12'^. "The principal circumstances to be noticed, in these 
experiments, are the singular changes of polarity hy the soil 
iron, and tlie final subductioii of a great portion of the ibree 
of the magnet. 13y deflection 4 we see a transposition of 
polarity hy the action of the current. 4 he new defleciion 
thus given to the needle ai fir.st rose to 40 , but gradually sank 
down to 19', where it remained peimanent for some time. 
This rciluctiou ot the deflection was, or course, dep.endent on 
a reduction of polar energy in the neare.st piece oi iron ; and 
as the polarity of the iron depended on tlie polar condition of 
the magnet, we learn that the transient transposition of its 
polarity is accomplished to the greatest extent, immediately 
after the current has got into full play, and that it gradually 
subsides for about one minute afterwards, at w^hich time it has 
arrived at its minimum. I'hese versatilities in the polar action 
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of the magnet arc ol).serval)le in all oases when it is sul)jecto(l 
to a converse electro-magnetic action, whether there i)e any 
iron attached to its poles or not, though without iron they arc 
not so great as when that metal is present. 'J'licy are exceed- 
ingly curious, and are involved in a theoretical principle, 
which it is not necessary to enter into at present. 11} com- 
paring deflections I and 6 we tind that the magnet has lost a 
considerable portion of its pow('i*, which portion is greater hy 
6° or 8"^ than that usually lost when no iron is present, all other 
circumstances being the same ; which shows that the attach- 
ment of the iron to its poles facilitates the siibduction of the 
original powers of the magnet. Sec also the first and second 
series of experiments. 

129. I had nexU recourse to the reverse process of that 
which was pursued in the last experiment. T placed the soft 
iron cylinder in the helix, and attached one pole of the cylin- 
drical steel magnet to that extremity of it which vas nearest 
to the needle ; and whilst thus arranged, an electiic cun cut 
was transmitted through the helix. The distance hctweim 
the pivot of the needle and nearest pole of the magnet was 12 
inches. The following results were obtained : — 

Sixth Seiuks of IOxpeiumknts. 

Deflections. 

Magnet alone, prior to l>eing»plaeed in the 

arrangement . . . .28^ 

Magnet attached to the iron bar, the latter 

being undev the influence of the euirent . 4.5 ' 

Magnet albne, after the iron and current were 
removed . . . . . o8'’ 

The niagiietisin of the soft iron left no addilioiijil perniaiiont 
power on the steel magnet. • 

130. Having ascertained that an electric current is 
capalfle of ^luhduing a considerable portion of the original 
power of an unprotected steel magnet (119, 120), it became 
an enquiry of some interest to ascertain whether or not the 
same current, with the magnet reversed in the helix, was capa- 
ble of restoring the power which it had previously subdued. 
hoT this purpose, the cylindrical steel magnet was retouched ; 
and after its deftcicAing power, at the distance of eight inches, 
had been ascertainecl, it was subjected to the action of an 
electric current from a perfectly new battery, whose copper 

’\he liuttery was made' exceecV 
ingiy active hy a solution of nilro-sulphuric acid. The 
following table shows the results. 
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Skventii Skiues of Kxpehiments. 

Magnet alone, previous to its exposure to the current oW 
Ditto after being exposecLto a coffrerse current * 4 1 

Ditto after being exposed to a direct cui|ent 2.0* 

Ditto after a second exposure to ditto . . 2tr 

Ditto after several other exposures to ditto . 2()'’ 

ni. F roni this series of experiments, we learn that the 
active electric current here employed was incapable of re- 
stoiing of that portion of the dellecting force, of a newly 
magnetized hard steel bar, which it was pieviously enabled to 
subdue, although as powerful during the one process as during 
the other. This exceedingly curious fact I have found in the 
results ot several other experiments, and with liatteries of 
ditlerent powers. Hut the same law does not lioldgood, un- 
less the magnet has been magnetized to a high (hjgree pre- 
viously to its being subjected to the electric currents ; nor, 
perhaps, will it ho Jbnnd ge^ferally exact, even iiridiT these 
circumstances, although I have not mot with any results in 
direct contradiction to it. And allhough the ratio of the 
subdued and restored force may vary, I luive cause to lu'lieve 
that in no case will the reston’d force be more than one-half 
of tliat which had l)(’eii subdacd by the same current, when 
the magnet cm[)l()yed is hard cast steel, and not below the 
dimeiisiojis of that which I havii described (1 1 .>) : and the 
voltaic plates of proportioTial magnitude, 

132. Another interesting fact presenteddtself by neutral- 
izing the cylindrical steel bar, and afterwards*magnetizing it 
by the electro-magnetic action in the helix, whilst the latter 
was transmitting a copious and active current from the battery 
last described ( 120), furnished with a new zinc. The doflecU 
ing power wdiich the steel acquires, by this process, is about 
one-half of that which it exhibits by means of ordinary mag- 
netic excitation. I have doubled and trebled the coil in t!ie 
helix, but in no case has the magnetic power of the steel in- 
creased above that I have just mejitioned. The facts develoj)ed 
by these experiments, are partly attril)utal)Ie to tlie magnelic 
force receiving different forms of di.si’ribut ion by the inagm^tic 
and electric processes of excitement ; though principally from 
an ab.soIule incapacity in the latter of hriiigiiig forth those in- 
tense magnetic .forces which hard steel is susceptible of dis- 
playing. There seems, indeed, to he a vigorous tension in 
the magnetism’ of hard steel, which that of electric currents 
cannot compete with in vanquishing those formidable resist- 
ing forces presented by hard ferruginous bodies, whilst under- 
going the magnetizing proce,ss. Even the magnetism of soft 
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iron, wlien brought into play by electrir current.s though 
much more abundrint in quantity, is of far lowe r tension than 
that of hard steel. This curious fact maybe shown by experi- 
ments with two horse-shoe magnets ; one of which shall be 
soft iron, bfought into play by electric currents, and the olhtn* 
a permanent one of haril steel. When the cross j)ieccs of 
both magnets are of soft iron, the iron magnet will ha\e the 
greatest lifting power; l)ut when l)oth cro.s.s pieces are of hard 
steel, the steel magnet will have the grealest ; and this is the 
case even when the pow^T of the iron magnet (with soft iron 
ci\.ss pieces) exceeds the other to a considerable extent. 

lo3. I'liere is a remarkable phenomenon observed whilst 
magneti'/iiig hard steel by eieclric curivnls. I'hc dellectiiig 
power of the steel is much g. cater whilst under the doniiiii mi 
of the current than after the latter is cut oif. iSow, as the 
helix alone exhibits no action on the needle (1 bS, ll-.l) the 
experiment shows that there is a teinporarj disposable force, 
excited even in hard steel, which that nie:al does not exhibit 
when the exciting cause is removed. 'I'his fact probably 
arises from a new distribution, rather than from an absolute 
loss of the magnetism lirst excited by the current. 

134. Having ascertained that the i‘xislence of electric 

currents is nowhere to he found in permanent steel magnets, 
(114) and also demonsirateil the iiuule(|uiic) of electric ex- 
citement to the production of tliat extern of magnetit* energy 
ill hard steel, which is ^useeptilde ol development by the 
ordinary process magnctiy.alioii f 131 it may now be in- 
teresting to incpiire how far the doctrine of of elec- 

tric currents is susceptible of ajiplication in explaining the 
phenomena exhibited by permanent .steel magnets. 

135. Let N and N', lig. 12. represent transverse sections 
of two cylindrical systems of electric currents, both of which 
are flowing in the same direction, as represented by the arrows: 
and let these cylinders he prolonged parallel to each other to 
any recjuired distance behind the paper. Now, because of 
the electric currents on the adjacent sides of these cylinders 
Tunning in opposite directions, in every pair of parallel sec- 
tions, similar to those repre-sented on the paper, those cylinders 
will exhibit a repulsion for each other throughout their whole 
length, or from end to end, according to the principles of 
electro-mngneiisrii. Let, now, (hg remote e;itremity of the 
cylinder N' be turned tow^ards the spectator, permitting the 
cylinder N toremain uninole.sted Under these circumstances, 
the mine extremities N, and N', of the two cylinders whose 
adjacent currents, in the former case, flowed in opposite 
directions, will now flow in the same direction, as may be 
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iiudorslood l)y looking at fig, 1:3: and consequently those 
rxtrciiiilies will altract each other. Again, let tlie arrows in 
lig. 14 represent the directions of two cylindrical systcMus of 
electric currents placed at right angles to each other, as 
and CJ'. 'I'he adjacent portions of these currents^ilow in the 
tame direction, and consequently will attract each other. 
Mow place the ehx'tro-magnelic system C' in either of the 
positions n'piesenled by lig. 1.3, and it is seen that the 
adjacent currents in C and C' now flow in opposite directions, 
and will con.sequcnlly repel each odier. ^ 

i:30. From the above illustrations we learn that the ex- 
tremities of two systems of electric currents will either attract 
or repel each other, according to the positions in which they 
are placed, and that they do not exhihil ♦any specific polarity 
in the manner of ferruginous magnets, \\ hose attractions and 
rep'ulsions have no depeiuhmcc wluitevm* upon the positions 
ill whicJi their extremities are placed with respect to each 
other, hilt are invariably referrihle to their sp'ocific polar 
character. 'I here is, indeed, a striking distiiK^tion in the 
fLslribution of the inagn<4ic force of steel bars, and tliat 
exliihiled by electric conducting wires, whether the latter be 
in a simple strand, or coiled into any particular fashion. A 
conducting w'ire formed into a hollow helix displays hut very 
little polarity extm’iorly, in the direction of its axis ( 1 18, 1 19,), 
l>ecaii.se of th<^ inner and outer sides of the coil exerting their 
magnetic forces in ojipositc directions: hut with hollow steel 
magnet.s, the polar forces of each iudividuahextremity con- 
spire with each other, and operate in concert upon vicinal 
ferruginous matter, whether previously polarized or otherwise; 
and in precisely the same manner as such matter is operated 
on hy -magnets. 1 fence it is, that a polarized needle, 
or sindl bar, freely suspended, with its centre in the equatorial 
plane of a hollow steel magnet, whether inside or outside of 
the tube, will invariably assume one and the same direction: 
whereas a si\nilarly suspended needle, with reference to, and 
under the influence of, a hollow system of electric currents, 
would assume one direction when within^ and opposite 
direction when without , the system : and as this peculiarity 
of magnetic arrangement would attend every system of electric 
currents that can possibly be formed, it is just to infer that 
the distribution of force ‘displayed by steel magnets, or by 
loadstone, cannot be imitated by any system of electric cur- 
rents whatever : ^ and vice versa, the exquisitely uniform 
arrangements of enveloping magnetic action, so beautifully 
displayed around electric currents, appear to be totally 
inimitable by any known forms of ferruginous magnetic 
bodies. 
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137. It would be an almost endless task to examine every 
fact that might l)e brought to bear, directly, or indirectly, on 
the subject of this investigation. I have not dwelt on electro- 
magnetism to the extent 1 would have done, had my theoreti- 
cal views «n that department of electricity not beem already 
before the public, although 1 have cited those electro- mag- 
netic phenomena which appear to be the most important in the 
present discussion. In other departments of electricity I 
have enumerated such facts as have appeared necessary to 
collate with purely piagnetic phenomena ; and liaving dis- 
'•ussed them individually as I have proceeded, a retrospection 
would be needless in this place. The inference to be drawn 
from the investigation of the /J'/c/.v alone, appears to me to 
admit neither of dftubt nor equivocation ; and may be tluis 
briefly stated : There are no facts on record whtrh demon- 
strafe an identity in electricity and magnetism ; but, on the 
contrary, there are many phenomena which justify the idea 
of their being perfectly distinct poirers of nature. 


IV. On the use of Eleclro-magnets made of iron wire for 
the Electro-magnetic engine. By J. P. Jolle, Esq. 
Communicated in a letter to the Editor. 


Salford, March 27, 1S31). 

Dear Sir, « 

Til my last letter I gave you an account of some experiments 
which were intended to jirovc that electro-magnets made of 
iron wire arc the;most suitable for the electro-magnetic engine. 
In those experiments round wire was used,— anS it was my 
opinion, that the wire magnets were put in a disadvant%cous 
position, in consequence of the interstices between the wires. 

[ Jiave since confirmed my views on this subject by the fol- 
lowing experiment : 

I constructed two magnets. I he first consisted of lb 
pieces of |quare iron wire, each inch thick, and 7 inches 
long, bound very tightly together so as to form a solid mass, 
whose transverse section was tt hich square ; it was then 
enveloped by a ribbon of cotton and wound with 16 feet of 
covered copper wire, of t\j inch diameter. The second was 
made of solid iron, and was in every other respect precisely 
like the first. Those magnets were fitted* to the apparatus 
used in my former experiments, and care was taken to make 
the friction of the pivots equal in each. The mean of several 
experiments gave 162 revolutions per minute for the first, 
and \30 for the second magnet. 



for the Elect ro-magneiic ;)0 

111 the further prosecution of my eii(|iiiries, 1 took () pieces 
of romul iron of different diameters and lengths, and I piece 
of hollow round iron, i’. of an inch thick; these were heut 
into the li form, so that the shortest distance between the 
poles of each, was half an inch; each was then w\mnd (with 
the usual precautions to ensure insulation), with 10 feet of 
covered copper wire, hi diameter. The lengths and 

diameters arc given in the table. No. 1 is the hollow' magnet. 
The attra(*lion was ascertained hy su^ipending a straight steel 
magnet, I5 inch in leiigih, hori/ontally to the beam of a ba- 
lance, and bringing the several magnets directly underneath 
at the distance of half an incli, wliicli was preserved by the 
interposition of a piece* of wood. Care was taken that the 
battery remained constant during the ex^ieriment. 
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A si eel magnet of such dinumsions as (*nat>led me to com- 
pare it fairly with the rest, excited in th(^ same circumstances 
an attractive power ccjualto 20 grains, while, at the same time 
its lifting power was only GO oz. 

These results will not appear surprising if we consider, first, 
the resistance which iron presents to the induction of mag- 
netism : and, secondly, how very much the power of iron to 
conduct magnetism is exalted solely by the completion of the 
ferruginous circuit. In order, however, to explain why thc^ 
long electro-magnets have a greater attracting power, and lift 
less weight, than the sliort magnets of the same diameter, it 
will be necessary to observe that it was impossible to wrap the 
whole 10 feet of wire on the smaller magnets, without dis- 
posing it in two or even three layers (according ro the si/c of 
the magnets) ; this is a great disadvantage, and one might 
anticipate in consequence that the power of the long magnets 
should be greater than that of the short for lifting as well as 
for attraction, contrary to' the results in the table; this, how- 
ever, may be explained, if we admit that the comparative 
resistance of the iron of the electro- magnet increases to a very 
great amount, when its magnetism is so greatly excited by the 
contact of the armature. 
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Nothing can he more striking than tlie difference of the 
ratios of lifting to attractive power, in diilbrent magnets; 
whilst the steel magnet attracts with the force of 23 grains 
and lifts CO oz., No. 3 attracts o'l grains and lifts* 02 (/z. 

Here are«some very general directions for making electro- 
magnets for lifting. 1st. The magnet, if of cons'dcriible 
bulk, should be compound; and the iron used, of good riimlily 
and well anneah^d. 2d. 'rin? hulk of the iron should hear a 
much greater ratio to its length than is generally the case. 
3d, The poles should he ground (piite true, and fit flatly and 
accurately to the armature, 4th. The armature should he 
equal in thickness to the iron in the magnet. 

I shall now proceed to consider with greater care, w hat form 
of electro-magnet is host for distant attraction, as that is the 
only force of any use in the electro-magnetict engine. Here 
two things must be considered — the length of the iron, and 
its sectional area. 

Now with regard to the length of the iron, I h;we found 
that its increase is always accompanied with disadvantage, 
unless the wire is (by using a shorter length) forced to too 
great a distance from the iron. In making magnets for the 
engine it will be proper to use a length less than that which 
gives the maximum of attraction, on several accounts. 

The next thing to he considered is the sectional area. 
You have shown,* that on placing a hollow and solid 
cylinder of iron successively wdthiu the same electro-magnetic 
coil, the hollow piece exerted the greatest influence on the 
needle. I wished to ascertain whetlier a hollow magnet 
might be represented by a solid one whose sectional area and 
circumference is the same, and whose thickness is twice as 
great as that of the hollow magnet. l*'ig. 12 and 13 t^la^te I. 
will show more clearly what I mean : they represent sections 
of a hollow and a rectangular magnet, and it will be seen that 
if either of them is divided at the dotted lines, the separate 
pieces when put properly together, will make up the other. 
Two electro-magnets were constructed, each 7 inches long, 
and covcrci\[|with 22 feet of covered copper wire inch in 
diameter; the sections were precisely similar, but double the 
ske of those in the hgnres. Were is their actual attraction, 
at half an inch distanc(i. for the proper pole of a straight 
steel magnet. ^ * 

Hollow magnets. Solid magueta. 
Attraction in grains .... 1*9 • 1*7 

With a more power- 
ful battery 4 5 4*0 

♦ See the very interesting researches at page 470, Vol. I. 
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It is evidt'nt from this that the hollow magnet has the 
greatest attractive force, hut I do not think that the dilVeieiu e 
is so great as to counterbalance the many advantages which 
the solid magnet would give, if usecl in the engine. 1 shall 
therefore first relate a rather important csperimeiit ; and se- 
condly make an attempt to determine the sectional area of 
solid iron most proper tor dillerent powers of battery. 

[ made five straight magiiots of stpiarc iron wire inch 
thick: each was 7 iiiclics long and wound with foot of 
<*()vered copper wire inch in diameter. No. I consisted of 
9; No. 2 of Ki; No. 3 of 25; No. 4 of 30; and No 5 of 49 
wires ; arranged in the form of a prism with s(|iiaro Inihc and 
sciilions. l<'ive other magnets were made of solid iron, hut 
in every other respect exactly similar to the first. Here are 
the attracting powers (at half an inch) for a straight st(*el 
magnet, w ith tlirec dillerent galvanic forces. 
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The wire used in these magnets w^as taken at the same de- 
gree of temper, as that in which it came from the makers: it 
was in coTiseipience not so well annealed- aa the iron with 
which it wai compaied. On this ac(‘ount the numl)ors oppo- 
site iO the wire magnets are less than they would otherwise lie ; 
still, however, the results in the table seem anomalous, h'irst, 
it will be remarked that while the wire magnets are more 
pow^erful in the first numhers, they arc less powerful in the 
last numbers, than the iron magnets. I cannot account for 
this unless by supposing, according to the hypothesis of Dr. 
Page, that the wires of which the magnets are composed repel 
one another’s magnetism in such n manner as to tend lo neu- 
tiali'/.e the general forte of the electro magnet, and that this 
neulraliving eli’ect iriercases with the numlier of wires used. 
J?ut the deficiency of No. 3 magnets in ex. 1. is most reinaik- 
ahle, and particularly as by increasing the power of the bat- 
tery the deficiency is reduced, and that at the same time the 
wire magnet becomes less, though at first it was more, power- 
ful than the iron magnet, cojiipared with it. 
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In my next, I shall attempt to determine what sectional 
area is best for different electric forces. In the mean time, 

I remain, dear sir, 

Yours most respectfully, 

J. P. JOULE. 


V. JSTote on illummnting Gas, and particularly on the. 
formation of Gas from water by means of M. Selliques’s 

apparatus. By M. Gkouvelle. (Extract.)^ 

M. Selli(jues never said that water by passing over coke 
heated to redness, was transformed into carbonated hydrogen. 
It is well known that it produces a mixture of oxide, carbon, 
and hydrogen, almost entirely pure. 

But M. Selliquos charges this hydrogen with carbon by 
causing it to traverse a red-hot cylinder, when it meets with 
highly carbureted oils. It is a chemical combination and not 
a mixture which then takes place, as is proved by the analysis 
of the gas formed from water, by M. Peligot, Uepetiteur a 
I’Ecole lfolytechni(jue ; viz. — 

Uarbonated Hydrogen 57) 

Oxide of Carbon 28 >100 

Free Hydrogen 15 5 

Hence the theoretical question of lighting is this: What 
process gives the most light with one kilog. of oil or any re- 
isinous substanc^^, resin, schist, or coal tar, &c. ? One kilog. 
of oil of schist or resin furnished, by Seliiques’s apparatus, 70 
cubic feet English of burning gas, of which it requires 3 feet 
to supply a burner equal to 10 wax candles for one hour; 
which gives 23 hours^ light, * . 

But at Belleville, Antwerp, Frankfort, and wherever gas 
is made on a large scale from oil of resin and a portion of 
pure resin, the mean product is from 15 to 17 feet per kilog. 
of oil, but in three or four days the product falls to 12 and 1 5 
feet. The insulated attenips, with new retorts, may give as 
much as 24 or 25 feet: and M. Tailleberg has pronounced 
this production of 25 feet as a great discovery. Let us take 
this number : this gas burns 2\ feet per hour to give the light 
of 10 wax candles ; this is (although nearly double the mean) 
the report furnished by the lighting of the City of Antwerp, 
in October, 1837, with gas from resin at 12 feet to the kilog., 
and in October, 1838, with gas from water. We will only 
reckon upon 2^ feet ; hence, 1 kilog. of oil gives at the maxi- 
mum 1 1 hours’ light, and admitting even 34 feet to the kilog., 

* From the Coinptes Rcndus, &c. No. 23, 1838. Translated by 
Mr. II. Lang. 
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as has been stated in a journal (and this quantity cannot per- 
haps be obtained without the addition of water), it would then 
be only 15 hours while we have obtained 23 from the gas 
made from water. 

But the production of gas from water does notr stop at 70 
feet per kilog. By increasing the proportion of water to oil 
in the apparatus, we weaken the density of the gas, which ap- 
proaches to, and even descends lower than, the density of the 
coal gas. In some experiments made on more than 1500 feet, 
observed for several consecutive hours and proved by a tedious 
process, I carried the production to 222 feet of burning gas with 
1 kilog. of fish oil (the oil of schist, which 1 had not at this lime, 
gives in Selliqiies’s apparatus the same results as fish oil). 

This gas at 222 feet only burnt feet to give the light of 
10 wax candles; it was scarcely ^ weaker than coal gas. Gas 
produced at 110 feet to the kilog. of oil of schist gave me a 
consumption of 4 feet 20 for the same burner. Thus at about 
1(10 feet to the kilog. of oil, the gas froiu water is equal in 
power to coal gas, and burns 5 feet an hour. Heu(;e, I kilog. 
of oil gives 40 hours* light. It is easy to calculate w4iat this 
light costs with oil of schist, which, in the places of its pro- 
(hiction, is not more than 5 francs per 100 kilog., with a 
combustible expenditure which decreases as the proportion of 
the gas produced and the size of the apparatus increase. With 
the gas from resin, on the contrary, the decomj)osition of the 
oils operating at the melted surface, small retorts are the 
most advantageous, and at the same time, the volume of the 
gas produced (not its mass) is increased only in decarbureting, 
by a higher temperature, a part of the richest carburets of 
hydrogen. t 

The iiuioGiiile increase of light, obtained with tlie gas from 
water, in proportion as it is produced n: ore feeble, lends to 
prove that the presence of the oxide of carbon increases the 
illuminating power of this gas, doubtless increasing the quan- 
tity of heat developed during the combustion. 

\Ve learn from two reports made to the Antwerp Society 
for lighting with gas, that from the 1st of June, the City of 
Antwerp was lighted with the greatest success by the gas 
from water ; that three furnaces are in active employ and 
produce from 24 to 25 thousand cubic feet of gas per day ; not- 
withstanding the useless expense with which the Society is 
charged, the gas at 70 feet to the kilog., costs, workmanship 
and keeping up the furnaces included, less than 5 francs per 
100 feet with oil of schist at 15 francs per 100 kilog. 

The supe;*ior quality of the gas from water to that from 
coajj on account of its total absence from sulphur and ammo- 
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nia, need not be discussed ; and on the other hand, the cost 
of this gas is no longer in doubt : at Antwerp, at Belleville 
even, it has been proved in every way. 

At Antwerp, the burner, equivalent to 10 wax candles, con- 
sumes at th'e rate of 3 feet, 1* ’3.5 per hour, and costs 4 frau(;s 
50 cents per 10') feet. 

At Paris, the coal gas (which is not obtained for nothing 
as has been pretended) costs, as the companies know, from 
4 to 5 francs per 100 ieet, including workmanship, w^ashing, 
and keeping up the af)paratus ; at Mons, even the director 
allows 3 francs. At London, it costs 2s. 6d. or 3 francs 12 
cents. 

But it would not be difficult for us, with oil of schist at.6 
or 8 francs, to produce in London, or even in Belgium, gas 
from water, at the rate of 160 feet to the kilog., equal in 
power and superior in quality to the coal gas, at less than 3 
francs per 100 cubit feet hmglish. 

I shall add a few words on the employment of asphaltuin 
pipes. 

The question is not what pressure asphaltum pipes will 
sustain, that of the gasometers being always infinitely small, 
bvt how they toill support the chemical and sloir action of 
the gas itself on the asphaltum. After some experiments, 
unfortunately too short, several thousand stone pipes were 
placed in Louvain, with w^eil baked asphaltum joints, and at 
the end of four or five months most of these joints were eaten 
and pierced by the gas. which no doubt attacked them by 
means of the small quantity of essential oil, which it carries 
in its vapours. It was necessary to replace all the resinous 
joints by others of clay, covered with Roman cement, and up 
to the preseiit time the results appear good. 

VI. Description of a Voltaic Battery, /?^S. E. Hoskins, 

M. D. Coftnmunicated in a letter to the Editor, 

Sir, ^ 

The plate voltaic battery, although nearly superseded by the 
more modern cylindrical arrangements, is still of sufficient 
value to sanction an endeavour towards improving its con- 
struction. ^ 

If the following description of aonethod I have devised for 
its simplification be worthy of a place in your ex;cellent Annals, 
I shall be obliged by its insertion. 

The various inconveniences arising from the usual methods 
of connecting galvanic plates, and the difficulty of cleansing 
the zincs when .soldered to the coppers, induced me some time 
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ago to seek a more simple mode of effecting junction. The 
result is a method whereby solder^ mercury cups, and binding 
screws are dispensed with ; and perfect connexion between a 
dozen or eighteen pair of plates effected by the mere adjust- 
ment of a couple of thumb screws. ^ 

Fig. 14, Plate I., represents a wooden frame with fine 
transverse saw cuts, half an inch deep, and one fourth or one 
sixth of an inch apart. This frame is intended to fit over a 
trough without partitions. Each of its projecting extremities 
is perforated for the passage of a brass bolt, having a head at 
one end and a deep thread for the reception of a thumb 
screw at the other. 

The plates which are dropped into the transverse saw cuts 
of the frame, alternately interlacing, accofding to Messrs. De 
la Rue and Young’s plan, are cut out of copper and thin 
sheet zinc.* 

The plates being dropped into the frame, tl^ long ears are 
to be bent over its convex sides, so that a zinc shall be in 
contact with a copper plate. This being done a strip of wood 
is placed over the bent ears: over this a strip of brass and the 
whole bound together by the bolts and thumb screw, until 
{perfect contact is secured. 

This arrangement will be better understood by reference 
to fig. 1 4, of the accompanying sketch, which gives a transverse 
view of the apparatus. 

a, a, a, a, are^he plano-convex sides of the frame. 6, 6, 6, 6, 
the alternating plates of zinc and copper. c,(i,c,c, thin strips 
of white deal varnished, and barely long enouglj to cover the 
series of overlapping ears, rf, rf, rf, rf, strips of thick sheet 
brass, as long as the sides of the frame, and perforated at each 
extremity. '’E, E, bolts and thumb screws, which are repre- 
sented as having tightened the binders on one side, and in 
readine.ss to do so on the other. 

The dotted lines, in fig. 15, are intended for pieces of var- 
nished cord permanently fixed on the copper plates : a simple 
but effectual method of keeping the plates asunder. 

I'he battery may be used with dilute acid or with the 
acidulated solution of sulphate of copper recommended by M. 
De la Rue. With the latter, good decomposing action will 
continue for upwards of an hour ; at the end of which time 
three inches of fine platinum wire can be kept in a state of in - 

* The thinner the better as it can be readily cut and bent, does 
not require wide 'saw cuts, which would weaken the frame; — lasts 
quite long enough for one durable operation, and admits of fresh 
plates being used each time. 

V'oL. IV. — No. 19, July, 1839. E 



66 Dr. Neefl’s new Magfieiic Elevlrival Machine. 

candescence for half an hour or more. In short, the power 
of the battery is quite equal to that of other plate arrangements 
possessing advaiitagejj peculiar to itself. 'I'hese advantages 
are convenience in an extended sense of the word, and 
economy b^Dth of time and money. Eighteen or twenty pair 
of plates may be sundered and put together again in a few 
minutes ; the zincs therefore may be easily washed, amalga- 
mated, or replaced, with great facility and without the use of 
tiie soldering tool, the waste of mercury, or the annoyance 
arising from a series of binding screws. A stock faj-hioned 
by the manipulator may always be kept at hand with no more 
expense than that of the material ; and he may extend his 
series with ease to any extent. 

I'he only parts which cannot in general be made by the 
amateur are the trough, the screw^s, and the frame. The Lit- 
ter requires some degree of nicety in its construction, — none 
however which a common carpenter, properly directed, may 
not attain. 

A small battery, such as I have described, has been 
deposited at the Polytechnic Institution, ever since the month 
of October. Mr. Bachhoffner, to whose kindness on all 
occasions I am much indebted, has performed a series of care- 
fully conducted experiments with it, and allows me to state 
in his name that my battery is much more powcrlul than 
others of the same order, owiiig to the approximation of the 
plates, and that it is much more coiivenient|^nd manageable 
than any. » 

1 remain. Sir, 

Guernsey, May, 1839. Your obedient servant, 

S. E. HOSKINS, M.D. 


t 

VII. 071 a Kexo Magnetic Electrical Machine, ( Magnet- 
electromotor. J By Dr. NEErr, of Frankfort.* 

Exhibited at the Friburg Meeting of Philosophers, in Sept., 1838. 

Since the time I made known the peculiarities of my electrical 
wheel, or mill, to the scientific meeting at Bonn, (and after- 
wards in PoggendorfPs Annals for November, 183.5,) the re- 
markable eflects of electrical discharges, repeated in rapid sue- . 
cession, have become studied with jnuch attention : and it was 
soon discovered that, for the production of sucha ^uick succes- 
sion of electrical light, magnetic electricity ispeculiarly and ex- 
cellently adapted. For this purpose magnetic electricity has 
been employed as it is excitea by the machine first invented 


* Translated from the German by I. 
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by Pixii, then by Saxton’s and Clarke’s improvements; each 
oL which has aii armature of soft iron, surrounded by spirals 
of coi)})er wire, which rotate in front of the poles of a steel 
iiiaguet, by which arrangement a machine is brought into 
good operation; and the progressive improvements which the 
sagacious and ingenious Kttiiigshaiisen has given to this 
machine, are so excellently contrived, that there appears to 
be left but little more to be done to accomplish its perfection. 
Sn the meantime, however, I have been inclined to believe 
that some other way must yet be pursued to arrive at the 
principal oliject in view : which would be to replace the steel 
magnet by an electro- magnet of soft iron. The first effect 
which I obtained by this substitution, was far short of that 
which I had been led to expect, a circumstance that may lie 
imputed to the deficiency which attended the first construction 
of tile instrument. '^Fhe essential corrections being, however, 
attained, the magnetic electrical operation can now be brought 
to the wished for vigour ; the apparatus is easy and conveni- 
ent to manage, durable in its action, of small dimensions, its 
jnicc trilling, and is well adapted for a variety of purposes 
which are met with by the Surgeon, the J^hysiologist, and the 
Physician. These results have a])peared to me so highly 
gratifying that I am led to believe the instrument is still sus- 
ceptible of much farther improvement. 

With respect to the voltaic battery, I have relied upon those 
liquids which I have hitherto been in the custom of using for 
the excitation of voltaic troughs, but have returned to the 
oldest construction of voltaic apparatus, viz, piles of zinc and 
copper, with intervening discs of moistened paper. The zinc, 
however, I amalgamate. When the paper discs have become 
saturatediii 'a solution of sulphuric acid, (consisting of about 
one add and ten water) I form the pile, and place it in a 
screw -press. The performance, of this construction of a 
battery, is extremely uniform and durable. Expeiimcnts may 
be carried on daily for a considerable time and still the battery 
wfill continue active. Even for 12 or 16 days, experiments 
may be carried on before it is necessary to take the pile to 
pieces and introduce fresh discs of paper. Besides, the metals 
become so little corroded that they seldom want any other 
'cleaning than merely wiping away the moisture from about 
their edges, a circumstance always to l)e attended to, other- 
wise a perceptible portion of the force is lost. With this pile, 
it is pleasing to find that w^e are not annoyed by the Irouble- 
wome, indeed dangerous, liberation of gas, whicJi always 
attends the apparatus wdien unamalgam i zed zinc is employed. 
The screw is also of very great advantage, by tlie slackening 

E 
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or tightening of which, the effects of the pile can quickly be 
weakened or strengthened respectively, at pleasure. I use 
plates of greater dimensions and nunil)er, as is necessary for 
the maximum of cftects. Though but little is to be gained, 
in this way, for the present purpose of the pile, yet it gives me 
a great advantage of diversifying the force in many wa)s. 
'I'he action becomes exhausted in, perhaps, about 14 days. 
In the manner above described, I prepared 8 copper and zinc 
plates in four pairs, insulating them from each other by dry 
paper, and keeping them pretty close together by means of 
the screw-press, and combined, as occasion required, the 
similar or dissimilar metals, by means of small conducting 
wires and quicksilver cups. The eight moistened papers 
which were placed \)etween the copper and zinc were 4 inches 
broad and 4^ long, the plates being a little larger. The screw - 
press is, perhaps, 7 inches long and (3 inches broad, and serves 
as a basis for the support of the other parts of the apparatus. 

The second essential part of the apparatus is the spiral. 
The principle of which is well known, as far as depends upon 
the length, thickness, and winding of the wire. The iron 
axle of the spiral, in every revolution, necessarily weakens the 
electric action, in consecfuence of a partial neutralization of 
the magnetic poles, by its close approach to them during its 
transits. As regards the function of the spiral, it is now 
known that, when it closes the ciicuit, the iron axle becomes 
magnetic; and, in opening the circuit, this magnetism, as well 
as that of the^ wire, immediately disappears ; by means of 
which, the electric fluid in the spiral becomes impelled, and ex- 
hibited partly in a spark in the reverse order to the battery cir- 
cuit, and is partly led off as a momentum current. The best 
method of a spiral is to have two wires wound closer together. 
We can then employ it according to the various purposes for 
which it is wanted ; we can combine the two wires in the mim 
direction or in opposite directions ; we can even, by the one,' 
close and open the circuit, and by the other, lead away the 
mfijgnetic electricity. 

The third element of the magnet-electromotor is the 
mechanical, by which the closings and openings of the circuit 
through the spiral are perforinea. For this purpose, 1 first 
availed myself of the electric wheel, by which contrivance’^ 
the shocks succeed one ariothef with great velocity, and 
become well defined. W hen 1 bad ascertained the powerful 
action of the apparatus, I was desirous of having it to excite 
itself, as in the electro-magnetic machine, without the in- 
convenience of turning the wheel. The ingenious construction 
which I employ for the purpose is due to Mr. J. P. Wagner. 
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It combines simplicity with efficacy, and is the result of a 
variety of contrivances which have now been carried on for 
two years: and was given to me by that gentleman. There are 
two parts inserted between the voltaic series and the spiral, 
which I call hammer and anvil. The hammer Ss a piece 
which is attached to one end of the spiral, (the other end 
being connected with one pole of the series) and the anvil is 
connected with the other pole of the series. If now, the 
hammer rests upon the anvil, the circuit will be closed, and 
the iron axle, becoming magnetic, attracts an iron plate which 
fastens to the hammer, and draws it away from its contact 
with the anvil. By these means the circuit will be opened, 
and the iron axle immediately loses its. magnetism, which 
permits the hammer to fall down again to the anvil and again 
closes the circuit. This done the same motions begin anew, 
and are repeated as long as the pile retains its power. 'J"he 
hammer may be brought to any required distance from the 
anvil at pleasure, and mercury may be employed between 
them if thought necessary : and there is also a contrivance 
for elevating or depressing the anvil. These modilicatioiis ot 
the apparatus permit the rapidity of the openings and closings 
to be varied in several ways. 

The apparatus operates upon principles already known. 
The various combinations of the spiral wire serve the purpose 
of attaining various objects. If, for instance, we require a 
great quantity of the electric force, we must unite the ends 
of both spiral wires which are of the same name ; by which 
means we shall have sparks and chemical decompositions at a 
maximum. On the other hand, if we desire a maxiinuin ot 
intensity^ then we must unite the ends of the Avires which arc 
of different by which means the greatest effect is pro- 

duced on inferior conducting bodies. The fiery sparks appear 
between the hammer and anvil. The decompositions and 
shocks are obtained by bringing the respective* bodies into 
contact with one end of the spiral wire ; also to the quick- 
silver shank to which the hammer is united, and to that pole 
of the series which touches the other end of the spiral. Of 
the experiments I shall mention only one ; the deflagration 
of various metals, and particularly of quicksilver under water. 
* The convulsions of this metal are shown by placing a drop of 
it under acidulated water and touching it with one end of the 
spiral wire ; a rotation immediately commences in the water ; 
and, by introducing a charcoal point, the phenomenon becomes 
striking and beautiful. The action on the human body is 
extremely powerful. When the spiral wire is only 400 feet 
long we iind that lively shocks are given even when the poles 
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are touched with dry fingers, which, by a somewhat stronger 
pressure, become increased to an insufferable degree. 13y a 
moderately weak contiict, one hears a gentle crackling noise, 
which appears to arise from a series of small sparks passing 
through tlfb insulating epidermis. By moistening the finger 
in water, one gets only a tolerable superficial connexion, w'liich 
continues but for a few seconds when the action is strong. 
The intensity is sufficiently great to transmit shocks through 
a series of many persons who are connected with moistened 
hands. A very interesting experiment is made by the employ- 
ment of two polar plates, by moans of which wc obtain a 
current through a mass of water, and the human body, or 
even a hand irnmerspd between theso plales, is acted upon by 
the current. In this electrical bath, independently of any 
direct contact wdth the polar plates, the immersed body 
deprives the water of the greatest part of the electrical current, 
and, consequently, a lively sensation is expericnoetl at every 
point of the immersed part. The importance of such ehiclri- 
cal baths for medical purposes is very easily perceived, and 
ought to be strictly attended to by the faculty. 

Finally, by augmenting the length and thickness of the 
spiral wire, the force becomes exalted, and answers for every 
purpose ; and one can predict with certainty that it is capable 
of decomposing the alkalies, it is belter adapted for this 
purpose when, instead of wdre, a copper band, (a strip of sheet 
copper) in about twelve even spirals, is wound round the 
axle, having th^? inner and outer ends prepared with quic’k- 
silver cups for the purpose of varying the connexions. On 
this plan my Reoiiieter (an instriimeut described in (lehler’s 
Phil. Dictionary, new edition, vol. vi., sec. 15, p. 2194) is con- 
structed ajid brought into action. * • 

VIII. Notice from Da, IIobkrt ITauk, Professor of Che- 
mistry, &c., respecting the fusion of platina, also respect- 
ing a new Ether, and a series of gaseous compounds formed 
with the elements of water* 

I have by improvements in my process for fusing platina, 
succeeded in reducing twenty five ouiicesf of that metal to a 
stat^ so liquid, that the containing cavity not being sufficiently 
capacious, about two ounces over’flowed it, ’leaving a mass of 
twenty three ounces. 1 repeat that I see no difficulty in 

* Communicated by the Author. 

+ Troy weight. The actual quantity fused wzfe 15,260 grs. ; 
the lump remaining weighed 10,937 grs. 
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extending the power of my apparatus to the fusion of much 
larger masses. 

\\heii nitric acid or sulphuric acid with a nitrate is em- 
ployed to generate ether, there must he an excess of two atoms 
of oxygen for each aiom of the hypouitrous acid winch enters 
into combination. This excess involves not only the con- 
siiiTiption of a large proportion of alcohol, but also gives rise 
to several acids and to some volatile and acrid liquids. 

It occurred to me that for the production of pure hyponitrous 
ether a hypf)nitrile should be used. The result has fully 
realized my expectations. 

IJy subjecting hyporii trite of potassa or soda to alcohol and 
diluted suli)huric acid, I have obtained a species of ether which 
dilfers frdlri that usually known as nitrous or nitric ether in 
being sweeter to the taste, more bland to the smell, and more 
volatile. It boils below 65'" of F., and produces by its spon- 
taneous evaporation a temperature of 0 — 15' F. On contact 
with the finger or tongue it hisses as water does with red hot 
iron. After being made to boil, if allowed to stand for some 
time at a temperature below its boiling point, ebullition may 
be renewed in it apparently at a temperature lower than that 
at which it had ceased. Possibly this apparent ebullition 
arises from the partial resolution of the liquid into an aeriform 
ethereal fluid, which escapes, both during the distillation of 
the liquid ether and after it has ceased, at a temperature below 
freezing. This aeriform product has been found partially 
condensible by pressure, into a yellow licjuid, the vapor of 
which, when allowed to enter the mouth or nose, produced an 
impression like that of the liquid ether. I conjecture that it 
consists of nitric oxide, so united to a portion, of the ether as 
to prevent ihe wonted reaction of this gas with atmospheric 
oxygeh. Hence it does not produce red fumes on being 
mingled with air. 

Towards the end of the ordinary process for the evolution of 
the sweet spirits of nitre, a volatile acrid liquid is created 
which allects the eyes and nose like mustard, or horse radish. 

\V hen the new ether as it first condenses is distilled from 
quick-lime, this earth becomes imbued with an essential oil 
which it yields to hydric ether. This oil may be afterwards 
isolated by the spontaneous evaporation of its solvent. It has 
a mixed odour, pjartly agreeable, partly unpleasant. From 
the affinity of its odor and that of common nitrous ether, I 
infer that it is one of the impurities which exist in that com- 
pound. 

The new ether is obtained in the highest degree of purity, 
though in less quantity, by introducing the materials into a 
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strong well ground stoppered bottle, refrigerated by snow and 
salt. After some time the ether will form a supernatant 
stratum, which may be separated by decomposition. Any 
acid, having a stronger affinity for the alkaline base than the 
hyponitrous acid, will answer to generate this ether. Acetic 
acid not only extricates but appears to combine with it, form- 
ing apparently a hyponitro- acetic ether. 

I observed some years ago that when olefiant gas is infiained 
with an inadequate supply of oxygen^ carbon is deposited, 
while the resulting gas occupies double the space of the mix- 
ture before explosion. Of this I conceive I have discovered 
the explanation. By a great number of experiments, per- 
formed with the aid of my barometer gauge Eudiometer, I 
have ascertained that if during the explosion of the gaseous 
elements of water any gaseous or volatile inflammable matter 
be present, instead of condensing there will be a permanent 
gas formed by the union of the nascent water with the inflam- 
mable matter. Thus two volumes of oxygen, with four of hydro- 
gen, and one of olefiant gas, give six volumes of permanent gas, 
which burns and smells like light carburet ted hydrogen. The 
same <iuantity of the pure hydrogen and oxy gen with half a 
volume of hjdric ether gives on the average the same residue. 
One volume of the new hyponitrous ether under like circum- 
stances produced five volumes of gas. 

An analogous product is obtained when the same aqueous 
elements are inflamed in the presence of an essential oil. 
With oil of turpentine a gas was obtained weighing per hun- 
dred cubic inches 16 tV grs,, which is nearly the gravity of 
light carburetted hydrogen. The gas obtained from olefiant 
gas, or from etli^r, weighed on the average, per the same bulk 
13,Vgrs. The olefiant gas which I used weighed per hun- 
dred cubic inches only grs. Of course if perse expanded 
into six volumes it could have weighed only one sixth of that 
weight, or little over five grains per hundred cubic inches. 
There can therefore be no doubt that the gas obtained by the 
means in question, is chiefly constituted of water, or of its 
elements in the same proportion H*0. 

With a volume of the new ether, six volumes of the mixture 
of hydrogen and oxygen give on the average about five residual 
volumes. The gas created in either of the modes above men- 
tioned docs not contain carboni^ ftcid, and when generated 
from olefiant gas appears by analy sis to yield tbe same quantity 
of carbon and hydrogen as that gas affords before expansion. 

These facts point out a so\ir<:e of error in experiments, for 
analyAmg gaseous mixtures by ignition with oxygen or hydro- 
vyvi, in which the vonseipient condensation is appealed to as a 
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baais for an estimate. It appears that the resulting water 
may form new products with certain volatilizable substances 
which may be present. 


IX. REVIEWS AND NOTICES OF NEW BOOKS. 

A Course of Right Lectures on Electricity^ Galvanmti, 

Magnetism^ and Electro-magnetism. By Henry M. 

No AD, Member of the London Electrical Society. Scott, 

Webster, and Geary, 3(5, Charter- House Square. 

Mr. Noad’s Lectures, like some other recent publications 
purporting to treat on these subjects, ave, principally, if not 
totally, compilations from other sources, to no one of which 
have they made even the slightest contribution. Mr. Noad 
has obviously read several authors on the subjects of his Lec- 
tures, and, of course, has selected those parts and parcels of 
their works which appeared most suitable to his purpose. It 
is our duty, however, in justice to its author, to state, that 
Mr, Noad has drawn, to a rather unusual extent, on Sir 
David Brewster’s Ireatise On Magnetism,” many parcels 
of which, already in a suitable dress for the Lectures,” of 
course, required only the mere process of transplantation from 
one work to the other. We do not, however, find fault with 
Mr. Noad for thus availing himself of the matter in its origi- 
nal elegant form, because it is well chosen and well adapted 
to the purpose ; and, as he has not attempted to conceal his 
authorities, but, in general, has been very liberal in acknow- 
ledging them, his “ Lectures” claim our best wishes for their 
success, sincerely hoping that they may produce a better effect 
thau that of beguiling an idle hour^ which the preface 
informs us is the only object of the author” for offering 
them to public notice. 


Mametical Investigations.'^'* By the Rev. W m. Scoresby, 
B. D., Fellow of the Royal Societies of London and 
Edinburgh ; Corresponding Member of the Institute of 
France, S^c. Longman, Orme, Brown, Green, and 
Longmans, Paternoster Row. 

We have, in fhis work, a series of magnetical observations 
and facts of exc'eedingly great interest, whether they be viewed 
in a theoretical point of view, or of practical applicability. 
The labour§ of Mr. Scoresby, as an experimental philosopher, 
have long been sufficiently known to the scientific world to 
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establish his reputation as an indefatigable and exact, investi- 
gator; and we have great pleasure in stating that the origin- 
ality of many facts which we have observed in tins neat little 
volume, do equal credit to the author with any of the pre- 
ceding resuljts of his valuable investigations. 

Mr. Scoresby prefaces his interesting Investigations with 
the following series of “ Intioduclory Observations,” so ad- 
mirably appropriated to the scienlitic importance, and theo- 
logical digiiit}, of his subject. 

It had long been conjectured that a most intimate con- 
nexion, if not identity of nature, might probably exist among 
some of the more subtle and mysterious agents, or principles 
of different denomination.s, and, apparently, of different 
iiharacteristics, which universally pervade the region in and 
about this earth. 

“ Modern discoveries in electro-magnetism, with the cognate 
relations which these have developed as existing in other 
principles of natural bodies, have gone far to verify these 
anticipations ; and at the same time to yield so much additional 
knowledge of the constitution of the physical system of our 
planet, as to give a new, an interesting, and a prominent im- 
portance to, electrical and magnetical science. 

To the time of Dr. Gill)ert, of Colchester, magnetism 
was only known as a inysteiious virtue, existing in and 
peculiar to, the loadstone, or ferruginous substances which had 
been touched by this extraordinary mineral, from which cer- 
tain qualities of ^attraction and direction were derived. But 
tJiis eminent individual discovered, as he has left on record 
in his ^Physiologia Nova, sen Tractatus de Magnete et 
Corporibus Magnetisis;’ published in the year 1600, that the 
phenomenon of tbe meridional . adjustment of the magnetic 
needle was not owing to any mystical virtue, exercised oiit of 
the course of natural principles, but a mere result of the 
directive action of the earth ; which he truly considered as the 
controlling agent, by reason of its being in its matter and 
constitution magnetic. 

So long as magnetism was known only as a separate or 
simple principle, the philosophic ideas of Dr. Gilbert were 
never materially advanced ; but, on the discoverieg of Professor 
OErsled, whereby the long-suspected connexion betwixt 
electricity and magnetism was established, an amazing en- 
largement was at once yielded to magnetical* knowledge, and 
a corresponding impulse given to magnetic research. 

“The effect has been to give a science, formerly considered 
as comparalivf'ly of an inferior class, a grandeur considera- 
tion ; placing it at once amongst those mighty principles which 
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infiuito wisvloni has appointed, and infinite power ordained 
as esseiilial elements or agencies in the physical constitution 
of the world. For inasmuch as the inseparable coniioxioii has 
been established betwixt electricity and magnetism, those, 
under various forms of devolopinent, reciprocally developing 
each other, it necessarily follows, that, to whatever extent in 
creation electricity operates, to the same extent the magnetic 
principle must reach. And inasmuch as beat, light, and 
chemical action, are each, more or less, de\ elopers of one form 
or another of the elect lo-magnetic principle, the analogies of 
science would lead us to infer, that magnetism is co-extensive 
with these other agencies, throughout their range of operation. 
Hence, there is little doubt hut the principle, which, a few 
years ago, was known only as a director of the compass needle, 
as to its utility, and I'ls little more than a curiosity in science, 
is one of the mighty energies by which, instrumentally, the 
works of the great Creator are regulated; one of those subtle 
powers which he hath oidained as his servants, ‘fullilling his 
word;’ and whereby, ‘the sweet influences’ of the whole sys- 
tem of the universe are bound togctlu'r, controlled, and upheld. 
"I'hus the subject of magnetism becomes of the highest con- 
sideration ; in science, as to its mightiness and extent of 
operation ; and, in natural theology, as calculated to connect 
the researches of human intelligence, with him who hath cre- 
ated these wonders; to elevate the feelings of reverence and 
adoration in the devotional mind, and to proclaim more clearly, 
in proportion as the invisible things are understood, ‘ His 
eternal power and Godhead.’ 

“ It is not iny object, however, in this publication, to carry 
out those view's to which the more enlarged consideration of 
magnetisih, as a science, might be advantageously applied; 
but that, in thus showing something of the importance of the 
subject as a science, I may solicit, for the contributions which 
are here offered for it, such reasonable consideration as, in this 
connexion, they may fairly claim. 

“ To the subject of magnetism^ my attention has, for a 
series of years, been more or less directed ; latterly with the 
view, particularly, of producing more powerful instruments for 
the determination of delicate variaticiis in, and the actual 
condition of, the earth’s magnetism; a subject which, from its 
greatly increased iinpovtance, is now engaging attention in 
some of the principal observatories in Europe. 

“ In contemplating such improvement in instruments de- 
pendent for their adjustment on the earth’s magnetism, the 
grand desideratum would obviously be, the attainment of 
increased energy, or directive power, in magnetic needles, or 
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bars of any given length or mass. And, that the attainment 
of such increased energy was a promising field of enciuiry, I 
was satisfied, from the mere consideration of the surprising 
superiority in power of electro-magnets over permanent arti- 
ficial magnets; strongly indicating the existence of a far 
greater capacity for magnetism, than we have hitherto been 
able to develop, or, if developed, to retain. Whilst this con- 
sideration yielded every encouragement to the enquiry, an 
experimental fact, in regard to the proportional power of mag- 
nets of unequal thickness^ suggested that guidance, in pursuing 
the enquiry, which not only led ( as will, I trust, subse([ueiitly 
appear) to a successful result in regard to the object particu- 
larly specified, but gave rise to investigations extending 
beyond my original dfesign, and eminently calculated, 1 con- 
ceive, for the improvement of sea compasses — hitherto so very 
defective — aswell as artificial magnets, and magnetic apparatus 
generally. The fact referred to w'as this. When examining, 
many years ago, the directive power of various artificial bar- 
magnets, for the purpose of determining the practicability of 
ascertaining the thickness of rocks, &c. in tunneling and 
mining, by the method of deviations communicated to the 
Royal Society in 1831, — the idea occurred to me, that, if the 
bars ordinarily employed for compass needles, &c. were 
divided into lamina) ; or if, in other words, they were made 
up of thin plates to the extent of the masses of the bars com- 
monly in use, a greater degree of energy would be obtained. 
Experiment fully justified this opinion. But previous to the 
application of the principle to instruments directed by the 
earth’s magnetism, I had made trial of a combination of 
laminee of thoroughly tempered steely for the construction 
of a small compound magnet. « The substance m^e use of 
was watch-spring, of which fourteen pieces, of two inches in 
length, were combined, after being magnetized, and formed a 
small magnet, weighing, in amount of steel, about one hundred 
grains. From a want of knowledge, at that time, of the best 
mode of magnetizing thin plates, the power obtained was 
much less than was expected ; but when the same little in- 
strument was subsequently magnetized, in a mass, by the 
process hereafter described, its efficiency became very striking, 
— the power being found to be such as to lift, by one pole, a 
polishra nail of about 800 grains^ or eight times its own 
weight. 

A trial apparatus, of the nature of a varidtion needUy on 
the same principle, — improved, however, for this purpose, by 
the separation of the plates — was constructed in the year 
1836, which was exhibited to the ^ British Association for 
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the Promotion of Science/ the 8ame year. But being with- 
out any precise knowledge of the laws of combination in 
magnetized plates, or even of the actual power of this instru- 
ment, though obviously great, a mere general idea only of its 
relative superiority could then be obtained. Since that time 
1 have investigated, in an elaborate series of experiments, and 
with a somewhat expensive variety of apparatus, the principles 
of the construction adopted, so as satisfactorily to prove, I 
conceive, the decided advantage of tha> construction for sea, 
and other, compasses, and to apply the principle to various 
practical purposes in magnetics. 

‘‘In the original ‘ variation compass* just referred to, the 
plates, as I have intimated, were noiy, placed in immediate 
contact, but separated by thin slips of 'wood or ca rd -board ; 
fqp: I had previously found, when combining magnets for other 
purposes, that a material loss of power, in the individual 
intensities of the bars, was, in all cases, occasioned by com- 
bination : but that, when the combination was not made in 
contact, an inferior deterioration took place. 

“ The subjects to which I was primarily guided by these pre- 
liminary considerations and results, extended to the following 
particulars : — The effect of the division in various directions 
of the mass of steel, on its magnetic capabilities, — the law 
of combination of magnetized steel plates in contact — the 
law of combinatioYi when the plates are separated by limited 
spaces— the cifect of temper or degree of hardness, and the 
degree of permanency of the power in combinations of mag- 
netized steel plates. A few of the most important results 
obtained from these investigations, were forwarded to the 
Institute of France, jn February, 1838. These investigations 
proved sufficient to show that the idea entertained in the 
outset, of practicability of producing, by means of combination 
of magnetized steel plates, more powerful apparatus than had 
hitherto been in use, for experiment and observation in magnet- 
ical science, and for practical purposes in magnetics generally, 
was not incorrectly founded. But the most important practi- 
cal applications of these principles, with the results of several 
new an<J distinct investigatipiis, yet remain behind. The 
description of these, in the first instance, is the object of the 
present publication ; and it is hoped that the results will be 
found to develop some • new and some improved principles of 
construction, applicable both to instruments designed to be 
directed by the earth’s magnetism, and to the improvement 
of apparatus in which a permanent and concentrate energy 
are requisite ; together with a useful application of some of 
the laws developed in these or previous investigations, to the 
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tPMing of the quality of steel, and the determining of the 
degree of its hardness, purposes of the highest importan<;e 
in the construction of delicate instruments used in the arts, 
or by professional men. 

“The sexeral results ami applications of these recent 
personal researches, may be conveniently classed under 
separate heads, belonging to the development of principles, or 
of dillerent practical processes, in magnetism. Some of these 
will, no doubt, be ^'solvable, in cerlaiii j;articulars, into 
principles or methods heretofore known ; but, in all, it is pre- 
sumed, something peculiar, as to decisiveness of the results 
bearing on principles, or as to convenience of adaptalion, or 
efficacy of manipulatjon, or improvement in construction, in 
regard to the practical sulqects, will be lound.” 

From the abo\ e prelatory chapter, our readers will (Jtf - 
cover that the objects of Mr. Scoresby’s investigations are of a 
high scientilic character ; and we can assure them that we have 
not met with so valuable a work on inagneiics as that before 
us, since the appearance of the second edition of Mr. IJarlow’s 
“Magnetic Attractions,” a work of great merit, and intrinsic 
importance, in this branch of physics. It is such productions 
as these that every scientific man delights to peruse; and 
every scientific journalist ought to take a pleasure in recom- 
mending to his readers. Kvery novel fact that becomes de- 
veloped by phy.'^ical enquiries gives new impulses to the pur- 
suit, implants an additional gem in the diadem of science, en- 
hances the lustrn of the whole, and, sooner or later, yields 
new sources of comfort and happiness to man. 

X. miscji:llani:oi;s AuricLES. 

Galvanic experiments on the body of an executed 
Murderer. 

Coleman, a mulatto, who murdered his wife, was executed 
at New York on the I5th of Feh., l So9. After the body had 
hung for about a quarter of an hour it was cut down. Mr. 
Chilton, and several other scientific men, then operated in the 
following way on the corpse. The instrument used* in these 
experiments was a newly invented one, called a Galvanic 
Multiplier ; tlie whole amount of zin^? surface exposed to the 
acid wes about one fool, and yet the shock produced is equal, 
if not greater, than that of a battery of 100 inch plates. 
\st Kxperhnent. — The lungs wore filled with oxygen gas. 
The phrenic nerve and eighth pair were dissected jn the neck ; 
a metallic piece, having a iiuiiibcr of points on it, was placed 
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over the ribs, the points being inserted throiigh the skin. The 
moment the lungs were tilled with the gas, the galvanic cur- 
rent was passed from the nerves at ihe neck to the diaphragm, 
'rhe object was to bring about respiration. The effect pro- 
duced was, violent contraction of all the rnusclei, the chest 
heaved but no air appeared to enter the lungs, the head and 
jieck were thro^^n on one side by the spasm ’produced. 2(1. 
The metallic piece was removed from the %t)donien, and an 
incision was made through the cartilaj^of the seventh rib, 
one pole of the instrument was placed in the opening, so as to 
touch the diaphragm ; the other was p aced on the neck. The 
eH'ect produced was similar to the first. l^hc posterior 

til)ial nerve at the heel was exposed ; oi\i? pole applied to this 
the other to the neck. Effect — the muscle of the leg was 
thrown into action, with convulsive movements of the body. 
4M. One pole was held at the tibiari nerve — the mouth was 
then opened, and the other pole put into it. 'JTie moment it 
touched the tongue the teeth became firmly clenched, and 
held so hard on to theatre as to require considerable force to 
extricate it. This was repeated several times. C)th. The 
next experiment was to try the effect produced by merely ap- 
plying the poles of the instrument to the surface of the body, 
previously wetting its parts with a saline solution, to render 
^ the contact more pertect. I'he effects on the body appeared 
quite as great as when the large nerves wu^re touched. The 
poles of the apparatus w^ere ^daced in the above manner, one 
to the leg, the other to different parts of the#face. The facial 
muscles were alternately thrown into action different 

nerves of the face were touched. The ^if^^ct of this was ter- 
rific in the extreme. h>cry muscle of the, grim murderer’s 
couiitenani'c was thrwn intS'^'rtie most -horrible contortions: 
rage, horror, anguish, and despair, the most rapid smiles, the 
most hideous expressions of contempt and hatred, by turns 
were depicted on his countenance, and gave a fearful wildness 
io his face, which far surpassed even the most vivid imagina- 
tion from Fuseli’s brain, or Kean’s scenic display that we ever 
-'witnessed. Several of the audience were excessively appalled; 
some left m double quick tim^, and many confessed, that, if 
they had staid, they certainly should liave fainted. At one 
part of the operations, when the murderer raised his right arm 
and passed it in differeAt directions, w^e saw the cheeks of 
several stout hearted fellows blanched with fear; and one, 
whose name we do not wish to mention, actually whispered 
sure, he has come to life,” Above an hour was spent in the 
experiments^ and then the prison w^as cleared and the body 
removed urfderthe directions of the surgeons . — Jersey Times 
and N^ral and Military Chronicle. 









Ai\ N A. L. S 




















T H E A N N A L S 

OF 

ELECTRICITY, MAGNETISM, 
AND CHEMISTRY; 

\ 

AND 

of S(te»ee, 


DECEMBER, 184.0. 


ExperimPAital Hesemxkas A Electricity, by Michael Faraday, 
D.C.L. F.R.S., &c. 

FOURTEENTH SERIES. 

LI I. — § 20. Nature of the electric force or forces § 21. Relation 
of ike electric and magnetic forces, §. 22. Note on electrical 
excitation, ^ 

Rocoived June 21, 1838.'— lleacl Juno 21, 183$.' 

§ 20. Nature of the electric ^orce or forces, 

1667. The theory of in<luction set forth and illustrated in the 
three pirecediitgL series of experiitiental researches does not assume 
anything new as to the nature of the electric force or forces, but 
only as to their distribution. The eifocts may depend upon the 
association of one electric duid with the Darticles^of matter, as in 
tlie theory of Franklin, Epinus, CdVendisn, and Mossotti ; or they 
may depend upon the association of two electric fluids, as in the 
theory of Dufay and Poisson ; or they may not depend upon any- 
thing which can properly be called the electric fluid, but on vibra- 
tions or other affections of the matter in which tliey appear. The 
theory is unaffected by such differences in the mode of viewing the 
nature of the forces ; and .Uiough it professes to perform the im- 
|»ortuh| office of statihg how the {)owers are arranged (at least in 
mdn^tv^ phenomena), it does not, as far as I can yet percAe, 
supply a single experimesnt which can be considered as a distin- 
guishing ieiat of the truth of any one of these various views. 

VoL, V, — No. SO, December, 1840 ^ 1^ 
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1668. But, to ascertain how the forces are arranged, to trace 
them in their various relations to the particles of matter, to deter- 
mine their general 4bws, and also the specific differences which 
occur under these laws, is as important as, if not more so than, to 
know whether the forces reside in a fluid or not; and with the 
hope of assisting in this research, I shall offer soine*further develop- 
ments, theoretical and experimental, of the conditions under which 
I suppose the particles of matter are placed when exhibiting induc*- 
tive phenomena. 

1669. The theory assumes that all, the particles, whether of 
insulating or conducting matter, are as wholes conductors. 

1670. That not being polar in their normal state, they can be- 
come so by the influence of neighbouring charged particles, the 
polar state being developed at the instant, exactly as in an insu- 
lated conducting masK consisting of many particles. 

1671. That the particles when polarized are in a forced state, 
and tend to* return to their normal or natural condition. 

1672. That being as wholes conductors, they can readily be 
charged, cither bodily^ or j)olarly. 

1673. That particles which being c^ontigueus are also in the 
line of inductive action can communicate of transfer their polar 
forces one to another more or less readily. 

1674. Tiiat those doing so less readily require the polar forces 
to be raised to a higher degree before this transference or commu- 
nication takes place. 

' 1675. Tliat the m/dy communication of forces between conti- 
guous particles constitutes conduction, a«d the difficult communica- 
tion insulation ; conductors and insulators being bodies whose 
particles natiiraffy possess the property of communicating their 
respective forces easily or with difficulty ; having these differences 
just as they have differences of any other natural property. 

1676. That ordinary induction is the effect resulting fropi the 
action of matter charged with excited or free electricity upon insu- 
lating matter, tending to produce in it an equal amount of the 
contrary state., ^ 

1677* That it can do this only by polarizing the particles con- 
tiguous to it, which perform the same office (o the next, and these 
again to those beyond ; and that thus the action is propagated 
from the excited body to the next conducting mass, and there 
Venders the contrary force evident in consequence of the effect of 
communication which supervenes in the conducting mass upon the 
polarization of the particles of that body (1675.^, 

1^8. That therefore induction call ohl;^ teke place through or 
across ijisulators ; thi|( induction is jns^Iatipn, it being the neces- 
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sary conaequence of the state of th^ particles and the mode in 
which the influence of electrical forces is transferred or transmitted 
through or across sudh insulating media. • 

1679. The particles of an insulating dielectric whilst under in- 

duction may be compared to a series of small%iagnetic needles, or 
more correctly still to a series of small insulated conductors. If 
the space round a charged globe were filled with a mixture of an 
insulating dielectric, as oil of turpentine or air, and small globular 
conductors, as shot, the latter being at a little distance from each 
other so as to be insulated, then these would in their condition and 
action exactly resemble what I consider to be the condition and 
action of the particles of the insulating dielectric itself (1337). If 
tlie globe were charged, these little conductors would all be polar ; 
if the globe were disch^irged, they would all return to the r normal 
state, to be polarized again upon the recharging of the globe. I'he 
state developed by incluctioii through such particles on a mass of 
conducting matter* at a distance would be of the contrary kind, and 
exactly equal in amount to the force in the inductric globe. I'here 
would be a lateral diffusion of force 4. 1297.), I>ecau8e each 
polarized sphere wou^d be in an active or tense relation to all those 
contiguous to it, just 'as onfe magnet can affect two or more mag- 
netic needles near it, and these again a still greater number beyond 
them. Hence would result the production of curved lines of in- 
ductive force if the inducteous body in such a mixed dielectric were 
an uninsulated metallic ball (1219> &c.) or other properly Shaped 
mass. Such curved lines are the consequences of the two electric 
forces arranged as I have assumed lliem to be : and, that the in- 
ductive force can l>e directeck in such curved lines is the strongest 
proof of the presence of the two powers and the pal?;r. condition of 
the dielectric particles. f • 

1680. I think it is evident, that in the case stated, action at a# 
distance can only resuk through an action of the contiguous con- 
ducting partiiles. There is no 'reason why the inductive body 
should polarize or affect dUtant conductors and leave those near it, 
namely the particles of the dielectric, unaffected : and everything 
in the form of fact and experiment with conducting masses or par- 
ticles of a^sensible sjze contradicts such a supposition, 

1681. A striking character of the electric power is that it is 
limited and exclusive,, and that the two forces being always present 
are exactly equal in amount. The forces arO related in one of two 
ways, either as in the natural normal condition of an uncharged 
insulated conductor ; or as in the charged state, the latter being a 
case of induction. 

1682. Cases of induction are easily arranged so that the two 
forces being limited in their direction shall present no phenomena 
or indications external to the apparatus employed. • Thus, if a 
Leyden jar, having its external coating a little higher than the in- 



4 to Ex-pcrimental Rencarchrs in Electricity, ^ 

temai^ bo charged and then its charging 'ball and rod removed’, 
such jar wijj present no electrical appearances so long as its outside 
is uninsulated. The two forces which may be said to be in the 
coatings, or in the particles of the dielectric contiguous to them, are 
entirely engaged to«each other by induction through the glass ; 
and a. carrier ball (1181.) applied either to the inside or outside of 
tile jar will show no signs of electricity. But if the jar be insulated, 
and the charging ball and rod, in an uncharged state and suspended 
by an insulating thread of white, silk, be restored to their place, 
then the part projecting above the jar will give electrical indications 
and charge the carrier, and at the same time the outnide Coating of 
the jar will be found in the opposite state an^ inductric tow^ards 
external surrounding objects. 

1683. These are si^nple consequences of tlw theory. Whilst the 
charge of the inner coating could induce only through the glass 
towards the outer coating, and the latter contained no more of the 
contrary foi’ce than was equivalent to it, no induction external to 
the jar could be perceived; but when the inner coating was ex- 
tended by the rod and ball so that it could induce through the air 
towardsS external objects, then the tension <\f the polarized glass 
molecules would, by their tendency to return to the normal state, 
tall a little, and a portion of the charge passing to the snrftice of 
this new part of the inner conductor, would produce inductive 
action through the air towards distant objects, whilst at the same 
time a part of the force in the outer coating previously directed 
inwards would now be at liberty, and indeed be constrained to in- 
duct outwards through the air, producing in tliat outer coating 
what is sometimes called, though I ihink.very improperly, free 
charge. If a, ''mall Leyden jar be converted into thaf form of 
ap^)aratus usually known by the name of the electric well, it will 
illustrate this action very completely. 

168 L The terras c//tfrgc and disshniilated elect ricivy coxwey 
therefore erroneous notions if they are meant to im’jfly any^di'ffer- 
ence as to the mode or kind of action. The charge upon an in- 
sulated conductor in the middle of a room is in the same relation 
to the walls of that room as the charge upon the inner coating of a 
Leyden jar is to the outer coating of the same jar. 'i’he one is not 
more free or more dissimulated than the other ; and when sometimes 
We make electricity appear where it was not evident before, as upon 
the outside of a charged jar, when, after insulating it, we touch 
the inner coaling, it is only because we divert more or less of the 
inductive force from one direction into another ; for not the slightest 
change is in such circumstances impressed upon the character or 
actioii of the force. ' • • 

l685b^ Having given this general thcoVetical view, I will now- 
notice particular points relating to the natiir^of the assumed electric 
polarity of the insulating dielectric particles. 
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l68G^ Tlic polar st.ile may be copsiclered in common induction 
as a forced state, the particles tending to return to their normal 
condition. It may probably be raised to a very high degree by 
approximation of the inductricmid inducteous bodies or by other 
circumstances; and the phenomena of elcctrblyzation (8G1. J(ir)2. 
170C.) seem to imply that the quantity of power which can thus be 
accumulated on a single particle is enormous. Hereafter we ra.ay 
be able to compare corpuscular forces, as those of gravity, cohesion, 
electricity, and chemical affinity, and in some way or other from 
their effects deduce their relative equivalents ; at present we are not 
able to do so, but tliere seems no reason to doubt that their elec- 
trical, wdiich are at the same time their chemical forces (69I. 918.), 
wu'll be by fiir the most energetic. 

1687. I do not consider the powers whpn developed by the 
polarization as limited to two distinct points or s^iots on the surface 
of each particle to bat considered as the poles of an axis, but as 
resident on large portions of tliat surface, . as they are upon the 
surface of a conductor of sensible size when it is thrown into a 
polar state. But it is very probable, iiotwithstandiiig, that 
the particles of difftyent bodies may present specific differences in 
this respect, the powers not being equally diffused though e(|u:d 
in quantily ; other circurnstanc(‘s also, as form and quality, giving 
to each a peculiar polar relation. It is^perhaps to the existeiicej of 
some such differences as these that w'e may attribute the specific 
actions of tlie different dielectrics in relation to discharge (1894. 
1508.) Thus with respect to oxygen and nitrogen singular con- 
trasts were presented when spark and brush discharge were made 
to take place in these gases, as may be seen by reference to the 
lahle in paragraph 1518 of the 'Ihirteenth Series ;vfor 'vyith nitro- 
gen, when the small negative or the large positive ball wms rendered 
indiictric, the effects ci^i-rcsponded with those whicli in oxygen were 
jiroduced when the small positive or the large negative ball was 
rendere# inductric. 

1688. In such solid bodies as glass, lac, sulphur, &c., the parti- 

cles appear to be able to become polarized in all directions, for a 
mass when experimented upon so as. to ascertain • its inductive 
capacity in three or move directions (I69O,), gives no indication of 
a difference. Now as the particles are fixed in the mass, and as the 
direction of the induction through them must change with its 
change relative to the mass, the constant effect indicates that they 
can be polarized electrically in any direction. Tliis accords with 
the view already taken of each particle as a whole being a con- 
ductor (1669.), and,, as an experimental fact, helps to confirm 
that view. ,, • • 

1689. But though particles may thus be polarized in any direc- 
tion under the influence 'of powers which are probably of extreme 
energy (1686.), it does'not follow that each particle may not tend 
to polarize to a greater degree, or with more facility, in one direc- 
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tion than .another ; or that different kinda may not have specific 
differences in this reiipect^ as they have differences of conducting 
and other powers ( I296. 1326. 1395). I sought with great anxiety 
for a relation of diis nature;. and selecting crystalline bodies as 
those in which all the ])articles are symmetrically placed^ and therCf- 
fore best fitted to indicate any result which might depend upon * 
variation of the direction of the forces to the direction of the par- 
ticles in which they were developed, experimented very carefully 
with them. I was the more strongly stimulated to this inquiry by 
the beautiful electrical condition of the crystalline bodies tourmaline 
and boracite, and hoped also to discover a relation between electric 
polarity and that of crystallization, or even of cohesion itself (13 16.). 
My experiments have not established any connexion of the kind 
sought for. But as I think it of equal importance to show either 
that tliere is or is not such a relation, I shall briefly describe the 
results. 

1690. The form of ex[^eriment was as follc^s, A brass ball 07S o^ 
an inch in diameter, fixed at the-end of a horizontal brass rod, and 
that at the end of a brass cylinder, was by* means of the latter con- 
nected with a large Leyden battery (29I.) by perfect metallic 
communications, the object being to keep that ball, by its connexion 
with tlie charged battery in an electrified state, Very nearly uniform, 
for half an hour at a time. This was the indpctric ball. The 
inducteous ball was the carifler of the torsion electrometer (122,9‘ 
1314.); and the dielectric between them was a cube cut from a 
crystal, so that two of its faces should be perpendicular to the 
optical axis, whilst the other four were parallel to it- A small 
projecting piece of shell-lac was fixed on the inductric ball at that 
part opposite to the attachment of the brass rod, for the purpose of 
pi eventing actual contact between the ball and the crystal cube. 
A coat of shell-lac w’as alfo attached to that side of the carrier ball 
which was to be towards the cube, being afto that side which was 
furthest from the repelled ball in the electrometer when placed in 
its position in that instrument. The cube was covered^ wilR a thin 
coat of shell-lac dissolved in alcohol, to prevent the deposition of 
damp upon Its surface from the air. It was supported upon a 
small table of shell-lac fixed on the top of a stem of the same sub- 
stance, the latter being of sufficient strength to sustain the cube, 
and yet flexible enough from its, length to act as a spring, and 
allow the cube to bear, when in its place, against the shell-lac on 
the inductric ball. 

IC9L Thus it was easy to bring the inducteous ball always to 
the same distance from the inductric ball, and to uninsulate and 
insujate it again in its place ; and then, after measuring the force 
in the electroratter1(1181.), to returnrit to its place opposite to the 
inductric ball for a second observition. Or it was easy by revolv- 
ing the stand which supported the cube bripg four of its faces 
in successioA towards the inductric ball, ami so observe thje fierce . 
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trhen the lines of inductive action (1304.) coincided with, or were 
transverse to, the direction of the optical axis of the crystal. Gene- 
rally from twenty to twenty-eight observations were made in suc- 
cession upon the four vertical faces of a cube, and then an average 
expression of the inductive force was obtained, and compared witli 
similar averages obtained at other times, every precaution being 
taken to secure accurate results. 

1692 . The first cube used was of rock crystal ; it was 0*7 of an 
inch in the side. It presented a remarkable and constant differ- . 
ence, the average oY not less than 197 observations, giving 100 for 
the spScific inductive capacity* in the direction coinciding with the 
optical axis of the cube, whilst 93*59 and 93*31 were the expres- 
sionsYor the two transverse directions. 

1693- But with a second cube of rock crystal corresponding 
results were not obtained. It was 0*77 of an inch in the side. 
The average of many experiments gave 100 for the specific induc- 
tive capacity coinciding with the direction of the optical axis, and 
98’6 and 9 . 9 * 92 /or the two other, directions. 

1694. Lord Ashley, whom I have found ever ready to advance 
the cause of science,., obtained for nitf* the loan of three globes of 
rock crysteil belonging to Her Grace the Duchess of Sutherland - 
for the purposes of this investigation. Two had such fissures as to 
render them unfit for the experiments (119.3. 1^9^. ). ^ The third, . 
which was very superior, gave me no indications of any difference 
in the inductive force for different directions. ' 

169 . 5 . I then used cubes of Iceland spar. One 0*5 of an inch 
in diameter gave 100 for the axial direction, and 98’66 and 95’74 
for the two cross directions. The other, 0*8 of an inch in the side, 
gave 100 for the axial direction, whilst 101*73 and lt)l*86 were the* 
numbers for the cross direction. 

16 £ 6 . Besides these differences there were others, which I 
not thinli^t. needful to state, sincQ tlie main point is not confirmed* 
For the ugh tlie experiments with the first cube raised great ex- 
pectation^ they have not been, generalized by those which followed. 

I have no doubt of the results as to that cube, but they cannot as 
3^et be referred to crystallization. There are in the cube some 
faintly coloured layers parallel to the optical axis, and the matter 
which colours them may have an influence ; but then the layers are 
also nearly parallel to a cross direction, and if at all influential 
should show some effect in that direction also, which they did not. 

1697 . In some of the experiments one half or one part of a cube 
showed a superiority to another part, and this I could not trace to 
any charge the different partg had received. It w,as found that the , 
varnishing of the cubes prevented any communication of charge 
to them, except (in a few experiments) a small degree , of the nega- 
tive stsite, or that which .was contrary to the state of the inductric 
ball (1564. 1566.). * . ' ’ 
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1698. I tliink it tight to say that^ as far as I could |)crceive) the 
insulating charactefr of the cubes used was perfect^ or at least so 
naarly perlect, a; to bear n comparison with shell-lac, glass, &c; 
(IStid,). As to the cause of the differences, other than regular 
crystalline structure, there may be several. Thus minute fissures 
in the crystal insensible to the eye may be so disposed as to produce 
a sensible electrical difference Or the crystallization may 

be irregular ; or the substance may not be quite pu^e ; and if 
. ive consider how minute a quantity of matter will alter greatly 
the conducting power of water, it will seem not unlikely that a 
little extraneous matter diffused through the whole or part of a 
cube, may produce effects sufficient to account for all the irr%ula- 
rities of action that have been observed. 

1 699‘j An important inquiry regarding the electrical polarity of 
the- particles of -an insnilati.ng .dielectiic, is, whether it be the'mole- 
cules of the particular substance acted on, or the component or 
ultimate particles, which thus act the part of insulated conducting 
polarizing portions ( 166 * 9 .). 

1700. The'conclusion I have arrived ft is, that it is the mole- 
cules of the substance which 4 )olaHze as wholes (134?.); and that 
however complicated the composition cf a bcay may be, all those 
particles or atoms which are held together by chemical affinity to 
form one molecule of the resulting body, act as one conducting 
mass or particle wlien inductive phenomena and polarization are 
produced in the substance of which it is a part. 

1 7 01. This conclusion is founded on several considerations. 
Thus if we observe the insulating and conducting power of ele- 
ments when they are used as dielectrics, we find some, as sulphur, 
phosphorous, chlorine/ iodine, &c, whose particles insulate, and 
therefore polarize in a high degree ; whereas others, as the metals, 
give scarcely any indicationtof posses<fi*jg • sensible proportion of 
this power (1328.), their particles freely conducting one to anotli^*. 
Yet when these enter into combination they form substjjinces having 
no direct relation apparently, iu this respect, to their elementi ; fur 
water, sulphuric acid, and such compounds formed of insulating 
elements, conduct by comparison freely ; whilst oxide of lead^ Hint 
glass, borate of lead, and other metallic compounds containing very 
high proportions of conducting matter, insulate excellently well. 
.Taking oxide of lead therefore ifs the illustration,. 1 conceive that 
it is not the particles of oxygen and lead which polarize separately 
under the act of induction, but the molecules of oxide of lead 
wkich exhibit this effect, all the elements of one particle of the 
leinltivig body, l)eing held together as ‘parts of one conducting 

^itldiyfdue] by the boids of chemical af^nity ; which is but another 
, «tena for electrical force (91 * 

17 & 9 . In bodies which are electrolytes we have still further 
reaeoff) for believing in such a seate of things. Thus when water> 
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chloride of tin, iodi.le of lead^ &c» in the solid state are between 
the eleetrodea oi the voltsdc battery^ their particlea polarize as those 
of any other inBolating dielectric do (1164.); but when the liquid 
state id conferred on these substances, the pi^izecf particles divide, 
the two halves, each in a'highly charged state, travelling 'onwards 
until they meet other partides in an opposite and equally charged 
state, with Mrhich they combine, to the neutralization of their 
chemical, i. e. their electrical forces, and' the reproduction of com- 
pound partioles, which can again polarize as wholes, and again 
divide to repeat the same series of actions (l347*)* 

1703. But though electrolytic particles polarize as whdes, it 
would appear very evident that in them it is not a matter of entire 
indifference hmv the particle polarizes (l689.)» since, when free to 
move (380, &c.) the polarities are ultimately distributed in refer- 
ence to the elements ; and sums of force equivalent to the polari- 
ties, and very definite in kind, and amount,* separate, as it were, 
from each other, and travel onwards with the elementary particles. 
And though 1 do not pretend to know what an atom is, or how it is 
associated or endowed with electrical force, or how this force is 
arranged in cases of combination and decomposition, yet the 
strong belief I Jiave in the electric:^! polarity of particles when 
under inductive actiluM, and the bearing of such an opinion on the 
general effects of induction, whether ordinary or electrolytic, will 
be my excuse, 1 trust, for a few hypothetical considerations. 

1704. In electrolyzation it appears that the polarized particles 
would (because of the gradual change which has been induced 
upon the chemical, i. e. the electrical forces of their elements 
(91 8.) rather divide than discharge to each other without division 
(1348.) ; for if, their division, i. e. their decomposition and re- 
combination, be prevented by givuig them the solid <:tate, then they 
will insulate electricity perhaps a hundredfold more intense than 
that necessary for, their electrolyzation (419, &c.). 1 lence the ten- 
sion necessary for direct conduction in such bodies appearsfto be 
much higher than that for decomposition (419. Il64. 1344.). 

1705. The remarkable stoppage of •electrolytic conduction by 
solidification (380. 1358.), is quite consistent with these views of 
the dependence of that process on the polarity whiclids common to 
all insulating matter ivhen under induction, though attended by 
such peculiar electro|:hemical results in the case of electrolytes. 
Thus it may be expected that the first effect of induction is so to 
polarize and arrange tV particles of water tliat the positive or 
i^drogen pole of each shall be from the p(!sitive electrode and 
towards the negative electrode, whilst the negative or oxygen pole 
dT each shall be in the contrary direction; and thus when the 
oxygen and hydrogen of a particl|of water have separated, pas^ng 
to and combiniifg with other hydrogen-and oxygen particles, unless 

' mose new paxtides of wator could turn round they could not take 
tjp tliut position necesfutry for their successful electrolytic polarizaf 

3 E ‘ . 
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tioti. Now solidificatioii, by fixing the water j)articles and pre- 
venting them from assuming that essential preliminary position, 
prevents also their electrolysis (413.) ; and so the transfer offerees 
an that manner feeing prevented (1347* 1703.)^ the substance acts 
is an ordinary insulating dielectric (for it is evident by former ex- 
periroeiits (419, 1704.) that the insulating tension is higher than 
the electrolytic tension), induction through it rises to a higher 
.degree, and the polar condition of the molecules as wholes, though 
greatly exalted, is still securely maintained. 

1706. Wlien decomposition happens in a fluid electrolyte, I do 
not suppose that all the molecules in the same sectional plane 
(1634.) part with and transfer their electrified particles or elements 

. at once. Probably the flischar^c force for that j)lane is summed 
up on one or a few particles, which decomposing, travelling and 
recombining, restore the balance of forces, nmcli as in the case of 
spark disruptive discharge (1406.) ; for as thost; molecules result- 
ing from particles which have just transferred power must by their 
position ( 17O0.) be less favourably circumstanced than others, so 
there tn list be some which are most favourably disposed, and these, 
by giving way first, will for the time lower the tension .and pro- 
duce discharge. 

1707. In former investigations of the actioll pf electricity (821, 
&c.) it was shown, from many satisfactory cases, that the quantity 
of electric power transferred onwards was in proportion to and 
was definite for a given quantity of matter moving as anion or 
cathion oinv«ards in the electrolytic line of action; and there was 
strong reason to believe that each of *lie particles of matter then 
dealt with, had associated with it a definite amount of electrical 
force, constituting its force of chemical affinity, the chemical equi- 
valents and the, .electro-chemical ecpiivalents being the same^ (836‘.). 
It was also found with few, and 1 may now ])crhaps say with no 
exceptions (1341.), that only those compounds containing elements 
in sinf^le proportions could exhibit the characters and phenomena 
of electrolytes (697.) ; oxides, chlorides, and other bodies contain- 
ing more than one proportion of the electro negative element re • 
fusing to decompose under the influence of the electric current. 

1708. Probable reasons for these conditions and limitations arise 
out of tlie molecular theory of induction. Thus wlien a liquid 
dielectric, as chloride of tin, consists of iQolecules, each composed 
of a single particle of each of the elements, then as these can 
convey equivalent ojiposite forces by their separation in opposite 
directions, both decomposition and transfer can result. But when 
the molecules, as in the bichloride of tin, consist of one ))aitic1e or 
atom of one element, and two of the other, then the simplicity 
witl) which the particles may b^suppoced to be arranged and to 
act, is destroyed. And, though it may be conceived that. when 
molecules of bichloride of tin are polarized as wholes by the in- 
duction across them, the positive polar force might accumulate on 
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the one particle of tin whilst the negative polar force accumulated 
on the two. particles of chlorine associated with it, and that these 
might respectively travel riglit diul* left to unite with other two of 
chlorine and one of tin, in analogy with what happens in cases of 
compounds consisting of single proportions, yet this is not* alto- 
gether so evident or probable. For when a particle of tin com- 
bines with tw'o of chlorine, it is difficult to conceive that there 
should not be some relation of the three in the resulting molecule 
analogous to fixed position, the one particle of niehil being per- 
haps symmetrically placed in relation to the two of chlorine : and, 
it is not difficalt to conceive of such jwrticles that they could not 
assume that jjHjltion dependent both on their polarity and the re- 
lation of their elements, which appears to be the first step in the 
process of electrolyzation (13 1*5. 1705.). 

§.21. Relation o/* the electric and magnetic forces. 

m 

1709, I have already ventured a few specijjalions respecting the 

probable relation of ^nagnetism, as the transverse force of the cur- 
rent, to the divergent or transverse force of the lines of inductive 
action belonging to static electricity &e,). 

1710. In the furtlicr consideration of tins subject it appeared to 
me to he of the utmost importance to ascertain, if possible, whether 
this lateral action w'liich we call magnetism, or sometimes the in- 
duction of electrical currents (26. 10 IS, &c.), is extended to a dis- 
tance hfj the action of the intermediate particles in analogy with the 
induction of static electricity, or the various effects, such as con- 
duction, discharge, &c., which arc dependent on that induction ; 
or, whether its influence at a distance is altogether independent cf 
such intermediate particles (1C62.). 

1711* I arranged two magnelo-ele(;lric helices with iron cores 
end to end, but with an interval of an inch and three (piarters 
between them, in wdiicli interva.l w.as placed the end or po.e of a 
bar magnet. It is evident, that on moving the magnetic pole from 
one core towards the other, a current would tend to form in both 
lielices, in the one because of tlie lowering, and in the other be- 
cause of the strengthening of the magnetism induced in the, re- 
spective soft iron cores. The helices were connected together, 
and also with a galvanometer, so that these two currents should 
coincide in direction, and tend by their joint .force to deflect thi? 
needle of the instrument. The whole arrangement was so effec- 
tive and delicate, that moving the magnetic pole about the eighth 
of an inch to and fro two or three times, in periods ecj^ual to those 
required for the vibrations of the gfilvdnometcr needle, was suffi- 
cient to cause considerable vibration in the latter ; thus showing 
readily the consequence of strengthening th^ influence of the 
magnet on the one core and helix, and diminishing it on the other. 

1712. Then without disturbing the distances of the magnet and 
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cores, plates of substances were interposed. Thus calling the two, 
cores A and 13, a plate of shell-lac was introduced between the 
magnetic pole and A for the time occupied by the needle in swing- 
ing one way ; then it was withdrawn for the time Occupied in the 
return swing ; introduced again for another equal portion of time ; 
withdrawn for another portion, and so on eight or nine times ; 
but not the least effect was observed on the needle. In other cases 
the plate was alternated, i. e. it was introduced between the mag- 
net and A for one period of time, withdrawn and introduced 
between the magnet and B for the second period, withdrawn and 
restored to its first place for the third period, and ^ on, but with 
no effect on the needle. * 

1713. In these experiments shell-lac in plates 0*9 of an inch in 
thickness, sulphnr in a plate 0*9 of an inch in thickness, and copper 
in a plate 0*7 of an irfbli in thickness were used without .any effect. 
And I conclude that bodies, contrasted by the extremes of con- 
ducting and insulating power, and opposed 'to each other as 
strongly as metals, air, and sulphur, show iv> difference with re- 
spect to magnetic forces when placed in their lines of action, at 
least under the circumstances described. 

17H. With a plate of iron, or even*a smifll piece of that metal, 
as the head of a nail, a very different effect w'as produced, for then 
the galvanometer irmhediately showed its sensibility, and the per- 
fection of the general arrangement. ^ 

1715. J arranged matters so that a pi .ate copper 0*2 of an inch 
in thickness, and ten inches in diameter, should have the part near 
the edge interposed between the magnet and the core, in which 
situation it was first rotated rapidly, and then held quiescent alter- 
iTatcly, for pe/^ods according with that required for the swinging of 
the needle ; but not the least effect upon the galvanometer was pro- 
duced • 

171(5. A plate of shell-lac 0*6 of an inch in thickness was ap- 
plied in the same manner, but whether rotating or not it produced 
no effect. 

1717. Occasionally the plane of rotation was directly aerdss the 
magnetic curve : at other^ times it was made as oblique as possible ; 
the direction of the rotation being also changed in different experi- 
ments, but not the least effect was produccil. 

171 S. I now removed the helices with their soft iron cores, and 
replaced them by two Jlnl fielicei wound upon card board, each con- 
taining forty-two feet of silked copper wire, and having no associ- 
ated iron. Otherwise the arrangement was as before, and exceed- 
ingly sensible ; fpr a very slight motion, of the magnet between the 
helices produced ,'ip .abundant vibration of the galvanometer needle. 

1719. The introduction of plates of sheH-lac, sulphur, or copper 
into the intervals between the magnet arid, these helices (1713.), 
produced not the least effect, whether the former were quiescent or 
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in rapid levolutron (1715.)* So here no evidence of the influence 
of the intermediate particles could be obtained (1710.). 

1 720. The magnet was then removed and replaced by a flat Jic- 
lix, corresponding to the two former, tlje three being parallel [to 
each other. The middle helix was so arranged that a voltaic cur- 
rent could be sent through-it at pleasure. The former galvanome- 
ter was removed, and one with a double coil employed, one of the 
lateral Iiclices being connected with one coil, and the other helix 
with the other coil, in such manner that when a voltaic current was 
sent through the middle helix its inductive action (26.) on the lateral 
helices should cause currents hi them, having contrary directiona in 
the coils of the galvanometer. By. a little adjustment of the distances 
these induced currents were rendered exactly equal, and the galva- 
nometer needle remained stationary notwithstanding their frequent 
production in the instrument. I will call the middle coil C, and 
the external coils A and B. 

1721. A plate of copper 0*7 of an inch thick and six inches * 
square, was placed between coils C and B, their respective dis- 
tances re^iaining unchanged ; and then a voltaic current from 
twenty pairs of 4-inch plates was sent through the coil C, and in- 
termittcil, in periods fitted 'co produce an efleet on the galvanome- 
ter (1712.), if any diflcrence had been ])roduced in the efleet ofC 
on A and 13. But notwithstanding the presence of air in one inter- 
val and copper in the otlier, the inductive effect was exactly alike 
tfc the, two coils, and as if air had occupied both intervals. So that 
notwithstanding the facility with which any induced currents might 
form in the thick copper plate, the coil outside of it was just as • 
mucji affected by the central helix C as if no such conductor as the 
copper had been there (60.). 

1722. Then, for .the copper plate was substituted one of sulphur 
0*9 of an inch thick ; still the results were exactly the same, i. e. 
there was no action at tlie galvanometer. 

1723. ThU's it appears that when a voltaic current in one wire is 
exerting its inductive action to prodiicg a contrary or a similar cur- 
rent in a neighbouring wire, according as the primary current is 
commencing or ceasing, it makcsupiot the least difference whctlicr 
the intervening space is occupied by such insulating bodies as air, 
sulphur and shell-lac, or such conducting bodies as copper, and the 
other non-magnetic metals. 

1724. A correspondent effect was obtained with the like forces 
when resident in a magnet thus. A sirgle flat helix (1718.) was 
connected with a galvanometer, and a magnetic pole placed near to 
it ; then by moving the magnet to and from the helix, or the helix 
to and from the magnet, currents were produced indicated by the 
galvanometer. 

1725. The thick copper plate (1721.) was afterwards interposed 
between the magnetic pole and the helix ; nevertheless on moving 
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these to and fro, effects, exactly the same in direction and amount, 
were obtained as if the copper had not been tliere. So also on in-- 
troducing a plate of sulphur into the interval, not the least influence 
on the currents produced by motion of the magnet or coils could 
be obtained. • 

1726’. These results, with many others which 1 have not thought 
it needful to describe, would lead to flie conclusion that (judging 
by the amount of effect produced at a distance by forces transverse 
to the electric current, i. e. magnetic forces,) the intervening mat- 
ter, and therefore the intervening particles, have nothing to do with 
the phenomena ; or in other words, that though the inductive force 
of static electricity is transmitted to a distance bylthe action of the 
intermediate particles (1164. 1666.)^ the transverse inductive force 
of currents, which can also act at a distance, is not transmitted by 
the intermediate part^eles in a similar way. 

1727* It is however very evident that such a conclusion cannot 
be considered as proved. Thus when the metal copper is between 
tlie pole find the helix (1715. 1719.- 1725.) or between the two 
helices (1721.) we know that its particles are affected, ^pid can by 
jiroper arrangcmerjts make their peculiar state for the time very 
evident by the production of either clectricak or magnetical effects. 
It seems impossible to consider this effect on the particles of the 
intervening matter as independent of thfit produced by the induc- 
tric coil or magnet C, on the inductcous coil or core A (1715. 
1721.); for since the inducteous body is equally .affected by tH 
inducfric body whether these intervening and affected particles of 
copper arc present or not (172.3. 1725.), such a supposition would 
imply that the particles so affected had no reaction back on the 
original inductr/c forces. The more reasonable conclusion, as it 
appears to me, is^ to consider these aflected particles as efficient in 
continuing the action onwards from the inductric to the inducteous 
body, and by this very communication producing the effect of wo 
loss of induced power at the latter. 

1728. But then it may be asked what is the relation of the par- 
ticles of insulating bodies, ^ch as air, sulphur, or lac, when they 
intervene in the line of magnetic action ? The answer to this is at 
present merely conjectural. 1 Mve long thought there must be a 
particular condition of such bodies corresponding to the state 
which causes currents in metals and other conductors ^26. 63. 191. 
201. 213.); and considering that the bodies are insulators one 
would expect that state to be one of tension. , I have by rotating 
non-conducting bodies near magnetic poles and poles near jtliein, 
and also by causing powerful electric currents to be suddenly 
formed and to cease around and about, insulators in various direc- 
tions, endeavoured to make some sAch state sensible, but have not 
succeeded. Nevertheless, as any such state must be of exceedingly 
low intensity, because of the feeble intensity of the currents 
which are used lo induce it, it may well be that the state may exist, 
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and may be discoverable by some more expert cxpermunitalist, 
though 1 have not been able to make it sensible. 

^1729. It appears to me possible, t\ierefore, and even probable 
that magnetic action may be communicated to a distance by tlic» 
action of the intervening particles, in a mjhin(?r having a relation Ui 
the way in which the inductive forces of static electricity are trans- 
ferred to a distance (1677,); the intervening particles assuming 
for the time more or less of a peculiar condition, which (though 
with a very imperfect idea) I have several times expressed by the 
term electro-tonic slate (60. 242. 1114. 1661.) I hope it will not be 
understood that I hold the settled opinion that such is the case. 
I would rather in fact have proved the contrary, namely, that mag- 
netic forces are quite independent of the matter intervening bclwccii 
the inductric and the indiicteous bodies ; but I cannot get over the 
diffic;,ulty presented by such substances as copper, silver, lead, gold, 
carbon, and even aqueous solutions (201. 2J 'i.J, which though they 
are known to assume a ]ieculiar state whilst intervening between 
the bodies acting and acted upon (1727.), no more interfere with 
the final result th^n those which liave as yet had no peculiarity of 
condition discovered in them. 

n.'lO. A remark important to the whole of this investigation 
ought to be made here.’ Although I think the galvanometer used 
as 1 have dex*ribed it (1711- 1720.) is quite sufficient to prove that 
the final amount of action on each of the two coils or the two cores 
A^and B (1713. 1710.) is equal, yet there is an effect wdtich viary 
be consequent on the difference of action of two interposed bodies 
which it would not show. As time enters as an element into these 
actions* (12.^.), it is very possible that the induced actions on the 
helices or cores A, B, though they rise to the same degree when 
air and copper, or air and lac are contrasted as inte /veiling sub-’ 
stances, do not do so in the same time; and yet,’ because of the 
lenglh of time occupied by a vibration of the needle, this difference 
may not be visible, both effects rising to their maximum in periods 
so short as to tmake no sensible portion of that required for a vi- 
bration of the needle, and so exert no visible influence upon it. 


1731. If the lateral or transverse force of electrical currents, ott 
what appears to be the same tiling, magnetic power, could be 
proved to be infliiential at a distance independently of the inter- 
vening contiguous particles, then, as it appears to me, a real dis- 
tinction, of a high and important kind, would be established 
between the natures of these two forces (1654. 1664.). I ^lo not 
mean that the powers are independent of each other ,and might be 
rendered separately active, on the contrary tliey are probably 
essentially associated (1654.), ^t it by no means follows that they 

* See Annalcs Je Chiinie, 18:5.3, tom, li. pp. 422, 428. 
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are of the same nature. In common statical induction, in conduc- 
tion, and in electrolyzation, the forces at the opposite extremities 
of the particles which coincide with the lintes of action, and have 
commonly been distinguished by the term electric, are polar, and 
in the cases of contignoui particles act only to insensible distances ; 
whilst those which are transverse to the direction of these lines, 
and are called magnetic, are circumferential, act at a distance, and 
if not through the mediation of tlie intervening particles, have their 
relations to ordinary matter entirely unlike those of the electrical 
forces with which they are associated. 

1732 . To decide this question 'of the identity or distinction of 
the two kinds of ])ower, and establisli their true relation, would be 
exceetlingly important. The question seems fully within the reMch 
of experiment, and offers a high reward to him who will attempt 
its settlement. 

1733 . I have already expressed a hope of finding an effect or 
condition which shall be to stiitical electricity wliat magnetic torce 
is to current electricity ( 1058 .) If I could have proved to my own 
satisfaction that magnetic forces extended their^influence to a dis- 
tance by the conjoined action of the intervening particles in a man- 
ner analogous to that of electrical forces, then J should* have thought 
that the lateral tension of the lines of inductive action ( 1659 .), or 
that state so often hinted at as the electro-tonic state (tC6l. 1602.), 
was this related condition of statical electricity. 

\1?A, It may be said that the state of no lateral action is to static 
or inductive force the equivalent of magnetism to current force ; but 
that can only be upon the view that electric and magnetic action 
are^ in their nature essentially different (1664.J. If they are the 
same power, the wliole difference in the results being the conse- 
quence of the' difference of dirccliufi, then the normal or undivcloped 
state of electric force w ill^ cc#rrespond with the state of «o lateral 
action of the magnetic state of the force ; the electric current will 
correspond with the lateral effects commonly called magnetism : 
but the state of static induction wdiich is between the normal con- 
dition and the current will still require a corresponding lateral 
condition in the magnetic series, presenting its own peculiar phe- 
nomena ; for it can hardly be supposed that the normal electric, 
and the inductive or polarized electric, condition, can both liave the 
same lateral relation. If magnetism be a separate and a Iiigher re- 
lation of the powers developed, then perhaps the argument which 
presses for this third condition of that force would not be so strong. 

1735 . I cannot conclude these general remarks upon the rela- 
tion <lf the electric and magnetic forces without expressing my 
surprise at the results obtained with the copper plate (1721. 1725.) 
Thc^ experiments-with the flat helites ‘represent one of the simplest 
cases of the induction of electrical #irrents (1720.) ; the effect, as 
is well known, consisting in the production of a momentary current 
in a wire at the instant when a current in the contrary direction be- 
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gins to pass through a neighbouring parallel wire, and llu* proiluc- 
tion of an equally brief current in the reverse direction when the 
determining current is stopped (26. ). Such being the case, it seems 
very extraordinary that this induced current which takes place in 
the helix A when there is only air between A and C (1720.) should 
be equally strong when that air is replaced by an enormous mass 
of that excellently conducting metal copper (1 721.). It might 
have been supposed that this mass would have allowed of the form- 
ation and discharge of almost any quantity of currents in it, which 
the helix C was competent to induce, and so in some degree Iiave 
diminished if not altogether prevented the effect in A : instead of 
which, though we can hardly doubt tliat an infinity ot currents are 
formed at the moment in the copper plate, still not the smallest 
diminution or alteration of the effect in A ajipcars (65.). Almost 
the. only way of reconciling this effect witli gtMierally received no- 
tions is, as it appears to me, to admit that mAgnclic action is com- 
municated by the action of the intervening particles (17211. 1755.). 

1756. 'I’his condition of things, wdiich is very remarkable, ac- 
cords jierfectly with the effects observed in solid helices where 
wires are coiled over wires to the amount of five) or six or more 
layers in succession, no diminution of effect on the outer ones being 
occa.sioned by those ♦vitliiir. 

§ 22. Note on clairknl txciladon. 

1757* That the different mAdes in which electrical excitement 
takes place will some day or other be reduced und(‘r one common 
law can hardly be doubted, though for the present we are bound 
to admit distinctions. It will be a great point gained when these 
distinctions are, not removed, but understood. 

1738. The strict relation of the electrical and chemical powers 

renders the chemical mode of excitement the most instructive of 
all, and the case of two isolated combining particles is probably 
the simples^k that we possess. Here however the action is local, 
and we still want such a test of cl&tricity as shall apply to it, to 
cases of current electricity, and also to those of static induction. 
Whenever by virtue of the previously combined condition of some 
of the actiftg particles (|)25.) we are enabled, as in the voltaic pile, 
to expand or convert the local action into a current, then chemical 
action can be traced through its variations to the production of all 
the phenomena of tension and the static state, these being in every 
respect the same as if the electric forces producing them had been 
developed by friction. ^ 

1739. It was Berzelius, I believe, who first spoke of the aptness 
of certain particles to assurfie opposite states when in [iresence of 
each other (959 •)• Hypothetically we may suppose these states 
to increase in intensity by increased approximation, or by heat, &c. 
until at a certain point combination occurs, accompanied by sach an 

3 F 
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arrangement of the forces of the two pcarticles between themselvel^ 
as is equivalent to a discharge; producing at the same time a particle 
which is throughout a conductor (1700*) 

1740. This aptness to assume an excited electrical state (which 
is probably polar in those forming non-conducting matter) appears 
to be a primary fact> and to partake of the nature of induction 
(1162.), for the particles do not seem capable of retaining their 
particular state independently of each other (1177.) or of matter in 
the opposite state. What appears to be definite about the particles 
of matter is their assumption of a particular state, as the positive or 
negative, in rglatiqn to each other, and not of either one or other in- 
difterentiy ; and also the acquirement of force up to a certain 
amount. 

1741. It is easily conceivable that the same force which causes 

local action between tyvo free particles shall produce current force 
if ore of the particles is jirevioiisly in combination, forming part of 
an electrolyte 17.58.). Thus a particle of zinc, and one of 

oxygen, when in presence of each other, exert their inductive forces 
(1740.), and these at last rise up to the point of combination. If 
the oxygen be previously in union with hydrogen, it is held so com- 
binetl by an analogous exertion and arrangement of the forces ; and 
as the forces of the oxygen and hydrogen are for the time of com- 
bination mutually engaged and related, so when the superior relation 
of the forces between the oxygen and zinc come into play, the in- 
duction of the former or oxygen towards the metal cannot be 
brought oil and increast'd without a correspond iiig deficiency in 
its induction towards the hydrogen with which it is in combination 
(for tile amount of force in a particle is considered as definite), and 
the latter therefore has ils force turned towards the oxygen of the 
next particle of- water ; thus the effect may be considered as exten- 
ded to sensible distances, and thrown into the condition of static 
induction, wliich being discharged and then removed by the action 
of other particles produces currents. 

1742. In the common voltaic liaftcry, the current ijf occasioned 

by the tendency of the zinc to take the oxygen of the water from 
the hydrogen, the effective action being at the place wliere the 
oxygen leaves the previously existing electrolyte. But ^cliecnbeiii 
has arranged a battery in which the effective action is at the other 
extremity of this essential part of the arrangement, namely, where 
oxygen goes to the electrolyte.* The first may be considered as a 
case where the current is put into motion by the abstraction of 
oxygen from hydrogen, the latter by that of hydrogen from oxy- 
gen. direction of the electric cuarent is in both^cases the 

same, ^nen referred to the direction in which the elementary par- 
ticles of the electrolyte are moving (9J23.'962.), and both are equally 

* Philosophical Magazine, 1838, xii. 22^, 3m. See also Be la Rive’s rcsulta 
with peroxide of manganese. Annale^ do Chimie, 1836, Ixi. p. 40. — Dec. 1838» 
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n accordance with the hyp<^etical view of tli^ inductive action of 
the particles just^escribed (1740.) 

174.S. In such a view of voltaic excitement,^^he action of the 
particles may be divided into two parts, that whicli occurs whilst 
the force in a particle of oxygen is rising towards a partide of zinc 
acting on it, and tailing towards the particle of hydrogen with 
which it is associated (this being the progressive period of the in- 
ductive action), and that which occurs when the change of associa- 
tion takes place, and the particle of oxygen leaves the hydrogen 
and combines with the zinc. The former appears to be that which 
produces the current, or if there be no current, produces the state 
of tension at the termination of the battery ; whilst the latter, by 
tenniiiating (or the time the influence of the particles which have 
been active, allows of others coming into play, and so the effect of 
current is continued. 

1744. It seems highly probable, that excitement by friction may 
very frequently be of tli^same character. Wollaston endeavoured 
to refer such excitement to chemical action but if by chemical 
action' ultimate union of the acting particles is intended, then there 
are plenty of cases which are opposed to such a view. Davy men- 
tions some such, and for my own part I feel no difficulty in admits 
ling otlier means of electrical excitement than chemical action, 
especially if by chemical action is meant a final Combination of the 
particles. 

1745. Davy refers experimentally to the opposite states which 
two particles having op])ogitc chemical relations can assume when 
they are brought into the close vicinity of each other, but not al- 
lowed to comhinct. I’his, I think, is the first part of the action 
already described (1743.) ; but in ray opinion it cannot give lyse to 
a continuous current unless combination takes placT, so as to alhAv 
other particles to act successively in the same manner, and not even 
then unless one set of the particles bA present as an element of an 
electrolyte (92*3. 963.) ; i, e. mere quiescent contact alone without 
cheiqical action does not in sudi cases produced a current. 

1746. Still it seems very po.ssible that such a relafion may pro- 
duce a high charge, and thus give rise to excitement by friction. 
When two bodies are rubbed together to produce electricity in the 
usual way, one at least must be an insulator. During the act of 
rubbing, the particles of opposite kinds must be brought more or 
less closely together, the few which are most favourably circum- 
stanced being in such close contact as to be short only of that which 
is consequent upon chemical combination. At such moments they 
may acquire by their mutual induction (1740.) and partial d^gcharge 
to each other, very exalted opposite states^ and when, the moment 
after, they are by the pro^c&s of the rub removed from each other's 
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vicinity, they will retain this stiite if both bodies be insulators, and 
exhibit them upon their complete separation. • 

1 747 . All th Aircunistances attending friction seems to me to 
favour such a view. Tbo irregularities of form and pressure will 
cause that the particles of the two rubbing surfaces will be at very 
variable distances, only a few at once being in that very close re- 
lation which is probably necessary for the development of the forces ; 
further, those which are nearest at one time will be further remov- 
ed at another, and others will become the nearest, and so by con- 
tinuing the friction many will in succession be excited. Finally, 
the lateral direction of the separation in rubbing seems to me the 
best fitted to bring many pairs of particles, first of all into that close 
vicinity necessary for their assuming the opposite states by relation 
to each other, and then to remove them from each other’s influence 
whilst they retain that state. 

174t<. It would be easy, on the same view, to exphiin hypothcjti- 
cally, how, if one of the rubbing bodies be a conductor, as the 
amalgam of an electrical machine, the state of the other when it 
comes from under the friction is (as a mass) exalted ; but it would 
be folly to go far into such speculation before that already ad- 
vanced has been confirmed or corrected by fit experimental 
evidence. I do not wish it to be supposed that I think all excite- 
ment by friction is of this kind ; ou the contrary, certain experi- 
nientsS lead- me to believe, that in many eases, and perhaps in all, 
effects of a thermo electric nature conduce to the ultimate eflcct ; 
and there are very probably other causes of electric disturbance 
influential at the same time, which we have not as yet distin- 
guished, ^ 

€^Rdyal 

jHtu\ IS.S8. 


In a piper which was read at the (jl.i.sgow meeting of the “ British 
Association for the Promotion of Science” I had occasion to 
trace tlie^ experiments of M. iSchoenbein and others, on the 
inactivity of certain metals on acids, to others of a similar 
nature per formed by Mr. Keir some fifty years ago. Since the 
reading of my paper at Cdasgow, I have been requested to uisert 
Mr.Keir’s experiments in an early number of the “Annals,” 
wliiffi I now do with great pleasure, as I think that many 
readers ivill he* niucn interested by 'becoming acquainted with 
those original experiments of Keir, which, within the last few 
years, have* commanded so much attention, as novelties emanat- 
ing from the labours other experimentors. W. S. 
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Lllf . — Experiments and Observations on the Dissolution of Metals 
in Acids, and their Precipitations : with an Aomunt of a New 
Compound Acid Menstrnm useful in some mechanical operations of 
pWting metals. By James Keiu, Esq., F.Il.S. <( Abridgement 
of tlie Philosophical Transaction of the Royal Society of T.ondon 
for the year 1790.) 

In the following paper^ says Mr. Keir, I intend to relate two 
sets of experiments ; one, showing the effects of compounding the 
vitriolic and nitrous acids in dissolving metals: and the other, 
describing some curious appearances which occur in the precipita- 
tion Q^^jsilver from its solution in nitrous acid by iron, and by some 
othe|ilfetanccs. In a subsocpient paper I hope to continue the 
subjSRSP raetallib dissolution ^ and precipitation, first, by adding 
some experiments on the quantities and kind» of gas produced by 
dissolving different metals in different acids, under various circum- 
stances : 2ndly, by submitting certain genq^*al propositions, which 
seem deducible fr<iin the facts related ; and lastly, by concluding 
with some reflections relative to the theory of metallic dissolution 
and precipitation. 

Part I. — On the effects of Compounding the VilrioUc and Nitrous 
Acids, tinder various circumstances, on the dissolution tf metals. 

§ 1 . — On the Mixture of Oil of Pilriol and Nitre, — 1. The pro- 
perties of the several acids, in their separate states, have been in- 
vestigated with considerable industry and success : and those of 
one compound, aqua regis, are well known, on account of its fre- 
quent use in dissolving gold ; yet nert; only various other combina- 
tions of different acids remain to be examined ; •but also tin; 
(‘hanges of properties to which these mixed acids are subject, from 
the difference of circumstances, especially those of concentration, 
temperature, and of that quality which is called, properly or im- 
propeejy, phfogistication, are subjects still open for inquiry. ♦ * 

2. As*I shall have frequent occasion to speak of phlogistication 
and dephlogisti cation of acids, I wish to premise, that by these 
terms I mean only certain states or qualities of those bodies, but 
without any theoretic inference. Thus vitriolic acid may be said 


* Tbe English word solution has two significations in chemistry; one ex- 
pressive of the act of dissolving, as when Tve say, that, “ solution is a chemical 
operation;” and the other, denoting the substance dissolved in its solvent, as, 
“ 11 solution of silver in nitrous acid.” The Fr’:nch language is equally equi- 
vocal, as the word “ dissjolution” 0 used in both tho above-mentioned senses. 
In treating on this subject, in which both mtjaniugs were very frequently re- 
quired, sometimes in the same sentence, I could not but be sensible of confusion 
in tho style, and I have therefore confined tho word solution to express the 
substance dissolved together with its solvent, and the word dissolution to denote 
the act of dissolving. 
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to be phlogistiOatecl by addition of sulphur or other inflammable 
matter, by which it is converted into sulphurous aCid, without 
determining wllether this change be caused by the addition of the 
supposed principle phlogiston, as one set of philosophers believe, 
or by the action of the added inflammable substance in dmving 
from the acid a portion of its aerial principle, by which the sul- 

! )hur, its other element, is made to predominate, as others have 
ateJy maintained. It were much to be wished that we had words 
totally unconnected with theory ; that chemists, who differ from 
each other in some speculative points, may yet speak the same lan- 
guage, and may relate their facts and observations, without having 
our attention continually drawn aside from these, to the different 
modes of explanation which have been imagined. But at nreaent 
w'e have only the choice of terras between words derivecy||||p the 
ancient theory, and those which have been lately proposeHH^ the' 
opposers of that theory. In this dilemma I have preferred the use 
of the former, not that 1 wish to show any predeliction to either 
theory, but because that system, liaving long been generally adopted, 
is understood by all parties : and principally because, by using the 
words of the old theory, I am at liberty to define them, and to give 
significations eK}iressive merely of parts, and of the actual state of 
bodies ; whereas the language and theory of.tnc antiphlogistic che- 
mists being interwoven and adapted to each other, the former can- 
not be divested of its theoretical reference, and therefore seems in- 
applicable to the mere exposition of facts, but ought to be reserved 
solely for the explanations of the doctrines from which this lan- 
guage is derived. Thus,* by the definition before mentioned of pho-. 
gistication, this word expresses not the presence or existence of an 
hypothetical principle of inflammability, but a certain well known 
quality of acids and of other bodies, communicated to them by the 
'addition of fnany actually inflammable substances. Thus, nitrous 
acid acquires a phlogisticated quality by addition of a little spirit of 
wine, or by distillation with any inflammable substance. 

, 3. No two substances are more frequently in the hands of che- 
mists and artists than vitriolic acid and nitre, yet I have found, that 
a mere mixture of these when much concentrated, possess properties 
which neither the vitriolic acid nor the nitrous, of the same degree 
of concentration, have, singly, and which could not be easily de- 
duced, (i pj'iori, by reasoning from our present knowledge of the 
theory of chemistry. 

4. Having found by some previous trials that a mixture composed 
of nitre dissolved in oil of vilriol was capable of dissolving silver 
easily and copiously, while it did not affect copper, iron, lead,regulus 
of cobalt, gold, platina, 1 conceived, ^at it might be useful in some 
cases of the parting of silver from copper and the other metals above 
mentioned ; and having also observed, that the dissolving powers of 
the mixture of vitriolic and nitrous acids varied greatly in diflerent 
degrees of concentration, and phlogistication, I thouglit that an ia- 



By James Keir, Esq. 4 ^q 

vestigation of these effects might be a subject fit . for philosophical 
chemistry, and might tend to illustrate the theory of the dissolution 
of metals in acids. , With these views I made the following experi- 
ments: — 

* 

5. 1 put into a long necked retort, the contents of which,- including 
the neck, were 1400 grain measures, 100 grain measures of oil of 
vitriol of the usual (tensity at which it is prepared in England, that 
is, whose specific gravity is to that of water as 1*844 to 1, and 100 
grains of pure and clear nitre,‘which was then dissolved in tlie acid 
by the heat of a water-bath. To this mixture 100 grains of stan- 
dard silver were added ^Ithe retort was set in a water-bath, in which 
the water was made to boil, and a pneumatic apparatus was applied 
to catch any air or gas which might be extricateef. — The silver began 
to dissolve, and the solution became of a purple or violet colour, no 
air was thrown into the inverted jar, excepting a little of the com- 
mon air of the retort, by means of the exp.ansft)n which it suffered 
from the heat of the water-bath, and from some nitrous fumes 
which appeared in the retort, and which having afterwards con- 
densed, occasioned the water to rise along the neck of the retort, 
and mix with the solution ; the remaining silver was then separated 
and weighed, and it was found that .39 grains had been dissolved : 
but probably more woxld lijlve been dissolved if the operation had 
not been interrupted by the water rushing into the retort. 

' 6. In the same apparatus 200 grains of standard silver were 
added to a mixture of 100 grains of nitre, previously dissolved in 
200 grain measures of oil of vitriol ; and in this solvent, 92 grains 
of the silver were dissolved, without any production of air or gas. 
The solution, whicli was of a violet colour, liaving been poured out 
of the retort whilst warm (for with so a large a portion of nitre, 
such mixtures, especially after having dissolved silveij^ arc apt ta 
congeal with small degrees of cold ), in order to separate the uiidis- 
solved silver from it, anj having been returned into the retort with- 
out this silver, I poured 200 grains of water into the retort, on which 
a strong effervescence took place between tlic solution and the water, 
and 3100 grain measures of nitrous gas were thrown into the in- 
verted jar. On pouring 200 grains more of w'ater into the retort, 
600 grain measures ol the same gas were expelled. Further addi- 
tions of water yielded no more gas,* neither did the silver,* when 
afterwards added to this solution, give any sensible effervescence, 
or suffer a greater loss of weight than two grains. 

7. In the same apparatus 100 grains of standard silver were ex- 
posed to a mixture of 30 grains of nitre dissolved in 200 grain mea- 
sures of oil of vitriol ; and in this operation 80 grains of silver 
were dissolved, while at th# same time, 4.500 grain measures of 
nitrous gas were thrown into t^ie inverted jar. When the undis- 
solved silver was removed, 200 grains of water were added to the 
solution, which was of a violet colour, anef on the mixture of the 
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two fluids an effervescence happened ; but only a few bubbles of 
nitrous gas were then expelled. 

8. In the same apparatus 100 grains of standard silver were ex- 
posed to a mixture of 200 grain measures of oil of vitriol, 200 grains 
of nitre, and 200 grains of water: and in this operation 20 grains 
of' the silver were dissolved without any sensible emission of air or 
gas. 

9 . In these experiments, the copper contained in the standard 
silver gave a reddish colour to the saline mass which was formed 
in the solution, and seemed to be a calx of copper interspersed 
through the salt of silver. I pei’c/inved no other difference between 
the effects of pure j«id standard silver dissolved in this acid. 

1 0. I then exposed tin to the same mixture of oil of vitriol and 
nitre, in the same apparatus, and in the same circumstances, taking- 
care always to add \nore raetal than could be dissolved, tliat, by 

* weighing the remainder, the quantity capable of being dissolved 
might be found, as I had done witli the experiments on silver; and 
the results were as follow : — 

11. No tin was dissolved nor calcined by the mixtures in the pro- 
portion of 200 grain measures of oil of vitriol to 200 grains of nitre : 
nor by any other mixtipre in the prop'ortion of 200 grain measures 
of oil of vitriol to 150 grains of nitre, and consequently no gas was 
produced in eithei; instance. 

12. With a mixture in the proportion of 200 grain measures of 
oil of vitriol and 100 grains of nitre, the tin began soon to be acted 
on, and to be diffused through the liquor ; but no extricatiqn of gas 
appeared till the digestion liad- been continued two hours in boiling 
water ; and then it took place, and gave a frotliy appearance to the 
mixture, vvhl?h was of an opa(|ue white colour, from the powder of 
tin being diffiisei^ among it. In tliis experiment, the quantity of 
tin thus calcined was 7'^ giains, and the quantity of nitrous gas ex- 
tricated during this action on the tin, w*as 8500 grain .measures. 
I’hcn, on pouring 200 grains of vrater into the retorts a fresli effer- 
vescence took place between the water and the white opaque white 
mass, and 4(500 grain measures of nitrous gas were thrown into the 

inverted receiver. 

• 

13. With a mixture in the proportion of 100 grain measures of 
oil of vitriol to 30 grains of nitre, 30 grains of tin were dissolved 
or calcined, and the nitrous gas, which began to be extricated much 
sooner than in the last mentioged experiment with a larger propor- 
tion of nitre, amounted to 6300 grain measures. Water, added to 
this solution of tin, did not produce any effervescence. 

14. With a mixture in the proportion of 200 grain measures of 
oil of vitriol, 200 grains of nitre, and 200 grains ot water, 133 grains 
of tin were acted on •with an effervescence,' which took place 
violently, and produced 6500 grain measures of nitrous gas. 
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15. The several mixtures above mentioned, in different propor- 
tions of nitre and oil of vitriol, did, by the help of the heat of the 
water-bath, calcined mercury into a white or grayish powder. Nic- 
kle was also partly calcined and partly dissolved by these mixtures. 
I did not perceive that any other metal was affected by them, ex- 
cepting thdt the surfaces of some of them were tarnished. 

16. These mixtures of oil of vitriol and nitre were apt to congeal 
by cold, those especially which had a large proportion of nitre thus, 
a mixture of 100 grain ineasuras of oil of vitriol and 480 grains of 
nitre, after having kept fluid for several days, in a phial not so ac- 
curately stopped as to prevent altogether the escape of some white 
fumes, cougealed at the temperature of 55^. of Fakreiiheit's ther- 
mometer : whereas some of the same liquid, having been mixed 
with equal parts of oil of vitriol, did not congeal with a less cold than 
4.5^. The congelation is promoted by exj)osiire to air, by which 
white fumes rise, and moisture may be absorbeil, or by any other 
Inode of slight dilution with water. 

17. Dilution of this compound acid, with more or less water, 

alters considerably its properties, with regard to its action on metals. 
Thus it has been observed, that in its concentrated state it does not 
act on iron: but by bidding water, it acipiires a power of acting on 
that metal, and with llifferent effect according to the proportion of 
tlic water added. Thus, by adding to two measures of the com- 
pound acid one measure of water, the liejuor is rendered capable of 
calcining iron, and forming with it a white powder, but without 
effervescence. With an equal measure of water effervescence is 
produced. With a larger proportion of water the iron gave also a 
brown colour to the liquor, such as phlogisticated nitrous acid ac- 
quires from iron, or corainunicales to a solution of martial vitriol 
ill water. ^ ■ 

18. Dilation with water renders this compound acid capable of 
dissolving copper and zinc, and probably those other metals which 
are subject to the action of the dilute vitriolic or nitrous acid. 


§ 2. An account of a new process for separating silcer from 
copper. — 1 D. The properties of this liquor, in dissolving silver easily, 
without acting on copper, have rendered it capable of a very usclul 
application in the arts, y\moiig the manufacturers at Birmingham, 
that of making, vessels of silver plated on copper is a very consi<ler- 
able one. 'In cutting out the rolled plated metal into jiieces of the 
required formes and sizes, there are many shreds, or scraps as they 
are called, unfit for any purpose but the recovery of the metals, by 
separating them from each other. The easiest and most economical 
method of parting these two njetals, so as not to lose either of them, 
is an object of some consetpieiice to the manufiicturers. For this 
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purpose two modes were practised ; 1 si, by melting the whole of 
mixed metals witli lead, and se])arating them by eliquation and test- 
ing ; & 2nd, by dissolving botli metals in oil of vitriol, with the help 
of heat, and by separating the vitriol of copper, by dissolving it in 
water, from the vitriol of silver, which is afterwards to be reduced 
and purified. In the first of these methods, there is a considerable 
waste of lead and copper ; and in the second, the quantity of 
vitriolic acid employed is very great, as much more is dissipated in 
the form of volatile vitriolic, or sulphureous acid, than remains in 
the composition of the two vitriols. 

Some years ago I communicated to an artist the method of af- 
fecting the separation of silver from copper by means of .the above 
mentioned compound of vitriolic acid and nitre ; and, as T am in- 
formed, that it is now commonly practised by the manufacturers in 
Birmingham, I have no doubt but it is ranch more economical, and 
it is certainly much *morc easily executed, than any of tlie otlier 
methods ; for nothing more is required than to put tlie pieces 
j)lated metal into an eartlicn-gljzed pan, to jioiir on them some of 
the acid liquor, which may be in the proportion of S or 10 lb. of 
oil of vitriol to I lb. of mitre : to stir them about, that tlie surfaces 
may frequently be exposed to fresh liquor, and to assist the action 
by a gentle beat Irom 100^’ to 200' of i^ahar.'nheit*s scale. When 
the liquor is nearly saturate^, the silver is to be precipitated from it 
by coinnion salt, which forms a hina cornea, easily reducible by 
melting it in a crucible with a sufiicient quantity of potasli ; and 
lastly, by refining the molted silver, if necessary, with a little nitre 
thrown on it- In this manner the silver will be obtained sufficiently 
pure, and the copper will remain unchanged. Otlierwise, the silver 
may be precipitated in its metalie state, by adding to the solution 
of silver a few pieces of copper, and a suilicicnt quantity of water to 
enable the liqbor to act on the copper. 'I’he property which tliis 
acid mixture possesses of dissolving silver with great facility, and 
in considerable quantity, will probably render it a useful menstruum 
in the separation of silver from other metals ; and as t(.ie alchemists 
have distinguished the peculiar solvent of gold under the fitlc of 
aqua regis, a name sufficiently distinctive, though founded on a 
fanciful allusion ; so, if they had been acquainted with the proper- 
ties of this compound, they would probably have bestowed upon it 
the appellation of aqua regina*. 

§ 3. — 77ie change of properties communicated to the mixture' of 
vitriolic and Jiilrous acids hj/ phlogistigation —20. The above de- 
scribed compound acid may be phlogistigated by different methods, 
of which I shall mention three. First, By digesting the com- 
pound acid with sulphur by means of file heat of a water bath, the 
liquor dissolves tiie sulphur with effervescence, loses its property 
of yielding white fumes i and if the quantity of sulphur be suffi- 
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cient, and if the heat applied be long enough continued, it exhibits 
red nitrous vapours, and assumes a violet colour. 

Secondly— If, instead of dissolving nitre in concentrated vitriolic 
aerd, this acid be impregnated with nitrous gas, or with nitrous 
vaywiir by making this gas, or vapour, pass into the acid, this 
compound will be phloglsticatcd, as it contains but only its phlo- 
gisticated part, not the entire nitrous acid, or element, the nitrous 
gas, without the proportion of pure air is necessary to constitute 
an acid. This impregnation of oil of vitriol with nitrous gas, or 
nitrous vapour, was first described, and some of the properties of 
the impregnated liquor noticed, by Dr. Priestly. (See Exp. and 
Obs. on Air, vol. 3, p. Ii21) and 217.) Thirdly, By substituting 
nitrous ammoniac instead of nitre in the mixture with oil of vitriol. 

21. The compound prepared by any of these methods, but espe- 
cially by the first and second, differs considepbly in its properties 
with re<^ard to its action on metals from the acid described in the 

.'first section. It has been observed, that the latter compound has 
little action on any metals but silver, tin, mercury, and nickel. 
On the other hand, the phlogisterl compound not only acts on 
these, but also on several others It forms with iron a beautiful 
rose-coloured solution, without application of any artificial heat: 
and in time a rose- coloured saline precipitate is deposited, which is 
soluble ill water with considerrblc effervescence, ft dissolves cop- 
per, and acquires fi'om this metal, and also from regiilus of cobalt, 
zinc, and leail, pretty deep violet tinges. Bismuth and regiilus of 
antimony were also attacked by this ])hlogisticatcd acid. To ascer- 
tain more exactly the effects of ibis phiogisticatcd acid on some 
metals, I maik the following experiments, witli a Tu^uor prc))ared 
by making nitrous gas pass tiiroughoil of vitriol during a consider- 
able time. • 

22. To 200 grain measures of the oil of vitriol impregnated with 
nitrous gas, put into a retort w'ith a long neck, the capacity of which, 
ii^luding the neck, >vas 1150 grain-measures, I added 114 grains 
of staydard lilvcr, and immersed ihc mouth of the retort in water, 
under an inverted jar filled witli watiT, to catch4lie gas which might 
he extricated. The acid began to dissolve the silver without llie 
application of heat ; the solution became of a violet colour, and the 
quantity of nitrous gas received in the inverted jar was 14,700 
grain measures. On weighing the silver remaining, the ipiantity 
which had been dissolved was found to be 70 grains. When water 
was added to the solution, an effervescence appeared, but only a 
very small quantity of gas was exlricated. By means of water, a 
white saline powder of silver, soluble in larger quantity of water, 
was precipitated from tlie solution. Tlic solution of silver, when 

saturated and undiluted, congpls readily in cool temperature, and 
when diluted to a certain degree with water, gives loliatcd cry.'^tfils. 

23. In the same apparatus, .ind in the same manner, lOOgnm 
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measures of xhis imprej^nated oil of vitriol were applied to irom 
All effervescence appeared without the application of heat, the sur- 
face of the iron acquired a beautiful rose-colour or redness mixed 
with purple ; and this colour gradually pervaded the whole liquor, 
but disappeared on keeping the retort some time in hot water. 
Notwithstanding a considerable apparent effervescence, the quantity 
of air expelled into the inverted jar was only 400 grain ineasifrrs, 
of wliich one-fourth was nitrous, and the rest phlogisticated. The 
solution was then poured out of the retort, and the iron was found 
to have lost 2 grains in weight. The solution was returned into 
the retort without the iron, and 200 grains of water were added to 
it ; on which a white powder was immediately precipitated, which 
re-dissolved with great effervescence. When 2000 grain measures 
of nitrons gas Iiad been expelled into thu inverted jar, without appli- 
cation of heat, the retort was placed in the water-bath, the heat of 
\''hich rendered the effervescence so strong, that the liquor boilc J 
over the neck of the retort, so that the quantity of gas extricated 
could not be aseertiiiiied. 

24. In the same manner 1 1 grains of copper were dissolved in 
100 grain measures cf impregnated oil of vitriol. The solution was 
ofaticep violet-colour, and at last was turbid. The quantity of 
nitrous gas expelled into the inverted jvir during the operation w^as 
4700 grain measures. When the copper was removed, and 200 
grains of wafer were added to the solution, an effervescence took 
place, 1700 grain measures of nitrous gas were expelled, and the? 
solution then acquired a blue-colour. 

25. In the same apparatus and manner, 100 grain measures of 
the impregnated oil of vitriol were applied to tin, which was thpnce 
diminished in weiglit 1() grains, while the liquor acquired a violet- 
c«lour, became turbid by the suspension of the calx of tin, and a 
quantity of nitrous gas was thrown into the inverted receiver ecpial 
to 4100 grain measures, w ithout application of heat, and another 
quantity equal to 4y00 grain measures, after the retort was put inj^o 
a water-bath. 

2(5. Mercury adeltd to the Impregnated oil of vitriol formed a 
thick white turbid liquor, which was rendered clear by addition of 
unimpregnated oil of vitriol. In a little time this mixture continu- 
ing to act on the remaining mercury acquired a purple- col our. 
The mercury acted oil, sunk to the bottom of the glass in the form 
of a white powder, and the purple liquor, when mixed witli a solu- 
tion of common salt in w'ater, g-ave no appearance of it containing 
any mercury in a dissolved state. 

27. The nitrous gas with which the oil of vitriol is impregnated 
shows no disposition to quit the acid by exposure to air ; but, on 
adding vrater to the impregnated acid, the gas is expelled^ suddenly 
with great effervescence, and with red liimes, in consequence of its 
mixture with the atmospherical air. In adding 210 grains of water. 
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to 60 grain measures of impregnated oil of vitriol, 2300 grains of 
nitrous gas were thrown into the receiver ; but as the action of the 
two liquors is instantaneous, the quuntity of gas expelled from the 
retoit before its neck could be immersed in water, and placed imdcr 
the receiver, must have been considerable. I’he whole of the gas^ 
however, was not extricated by means of the water, for the re- 
maining liquor dissolved 5 grains of copper, while 800 measures of 
nitrous gas were thrown into the retort, (probably the receiver.) 

28. The following facts principally are established by the pre- 
ceding experiments, 1. That a mixture of the vitriolic aiitl nitrous 
► acids in a concentrated state, has a peculiar faculty of dissolving 
silver copiously. 2. That it acts on, and principally calcines, tin, 
mercury, and nickel : the latter of which, however, it dissolves in 
small quantity : and that it has little or no action on other metals. 

That the quantity of gas produced while the metal is dissolving 
is greatei? relatively, to the quantity of metat dissolved, when tlie 
proportion of nitre to the vitriolic acid is small, tluin when large: 
and that when the metals are dissolved by mixtures, containing 
much nitre, and witli a small production of gas, the solntic n itself, 
or the metallic salt formed in it, yields abinulaiiee ot gas wiien 
mixed with water. 4. That dilution witli water rendcis the eon- 
centrated mixture lese eapa’We of dissolving siKut, but more caj){i- 
ble of acting on other metals. I hat this mixture of highly 
concentrated vitriolic and nitric acids, acquires a ])urple or violet 
colour when plilogisticated, cither by addition of intlammablo stib- 
staiices, as sidpliur, or by its actions on nuitals, or by very strong 
impregnation of vitriolic acid with lutrous gas.’^ (>. Tl\at this 
phi ogisti cation was found to comm unieatc to the mixture the power 
of dissolving, though in small quantities, copper, iron, zinc, anil 
the regulus of cobalt. 7, That water expels from a highly plilo- 
gistieated mixture of concentrated vitriolic and nitrous acids, or of 
oil of vitriol impregnated with nitrous gas, a great part of its con- 
tained gas ; and that therefore this gas is not capable of being re- 
tained in such quantity by -dilute as by concentrated acids. Water 
unitcs' with flie mixture of vitriol and nitre, without any consider- 
able jeffervescence. * 

29- .To these observations I shall subjoin one other fact, namely, 
that when, to the mixture of oil of vitriol :md nitre, a satuialed 
solution of common salt in water is added, a powerful aqua regis is 
produced, capable of dissolving gold and platina ; and this aqua 
regis, though composed of liquors perfectly colourless and free from 
all nfietallic matter," acquires at ontc a bright and deep yellow co- 
lour. The addition of dry common salt to the concentrated mix- 
tures of vitriolic and nitrous acids produces an effervescence but 
not the yellow colour ; for the production of which therefore a 
certain proportion of .water seelfns to be necessary. 

• Dr. Priestlfy hass notiml Uii«5 colour coninmniratiM^ W oil "f A'itiiol l*y witli 

gf's or vn]ini,r^ nni] thc<-fler escfurc pi'’'Uico4 by luMijifi w (ttcr tf> Ibi'' loipiffijutf <1 
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Part 2. — On the precipitation of Silver from jS'itrous Acid by Iron^ 

§ 1. Bergman relates, that on adding iron to a solution of silver 
in nitrous acid, no precipitation ensued ; though the affinity of iron 
to acids generally is known to be much stronger than that of silver; 
and though, even with regard to tlie nitrous acid, other exj)eriment8 
evince the superior affinity of iron ; for as iron precipitates copper 
from this acid, and as copper precipitates silver, we must infer the 
greater affinity of iron than silver. In the course of his experi- 
ments, however, some instances of precipitation occurred, which he 
attributed to the peculiar quality of the irons which he employed.* 
I was desirous of discovering the circumstances, and of investigat- 
ing the cause, of tin's irregularity and exception to the generally 
received laws of affinity. 

2. I <ligcstecl a piece of fine silver in pure and pale nitrous acid, 
and while the dissolufion was going on, and before the Ikturation 
was completed, I poured a portion of the solution on a piece of 
dean and newly-scr/iped iron wire into a wine glass, and observed 
a sudden and copious precipitation of silver. The precipitate was 
at first black, then it assumed the appearance of silver, and was 
five or six times larger in diameter than the piece of iron wire 
which it enveloped. ’I'lie action of th€>'acid aii the iron continued 
some little time, and then it ceased ; the silver rcdissolved, and the 
liquor became clear, and the iron remained bright and undisturbed 

* RcvKiuttii tiieJ luatiy kinds of iron, aiid be he found two thut were capor 

ble of precipiiutinK sihei*. Ihit as he did not discn>ei’ the tiicumstances accordiuj' to winch the 
picnpilutioii sometime*' dot's, and ut other tiiDi*'^ d«>es nut happen, he may have been mistake 
witl) io;'iird to the peculiar (]uiil!(y of these two kinds of iron. At least the several kiiidi which 
1 Imve Liied always iirecipltatcd silvei iu cvitaiu i ircunistaiice h, aud always failed to piocipitutc 
iii#ci lam other I'iir^iiistinccs, I do not know any other author who has locntioncd this sulr 
ject, I'Mi’jdini' Ml. Kirssan, nho, in the cornlusion of bis saluuhJe papers on *lhe ntlraclivc 
jiowers oil mineral acids, says " I base «j,v\a)s found silver to be easily piecipilatcd fioin its 
.snliitidTi in the nilious acid by iron. The sum of tlie quiescent aflinities being (•i'i, land tliat of 
t lie (li vclleiit 7'4(». Yet AI i . Ijennnuu oh'iri ved, tln^t a s cry saturated solution tif silver was very 
dillicultly precipitated, ami only by some sorts of iron, esen though the solution was ‘diluted 
and an access ot acid added to it. The leasnn of this curious phcnomeiioii appears to me to be 
(leduciblc Irom a ciicumst.inec lir.st observed by Scbeele.iu dissolving mercury, namely, Uiat tlio 
nitrous a< id n heii satut uted w ith it iv j}l take up more of it in its metallic form, 'i'he .same thing 
happens in dissolving silver in the nitrous acid in a strong heat ; for, as I before remarked, the 
1 asi jiiDlioiis of si1\ W llirow n in allui d no air, mid •oiiseqiienlly arc not deplilogisticatcd. Now 
this compound of calx of siher, and sihcr iu its metallic form, liiay well be uniirccipitablc by 
iron, the sihir in its metallic foim pie\cntiiigthc calx from coming into contact with the iron, 
and evtractiug phloi^iston fro m it. In (his paper I shall not enter into the explanation of these 
appearoncc.s ; but l thought it neccsv-iryto premise that what so eminent a chemist as Mr, 
Kiwan lias suggested on the subject, that tlic reailer may see at once the pi'Csent state of the 
question. I shall oii’y icmark that the above expKination, not being founded on any pconliantv 
in the natuie of iron, seems to siijiposolhat the silver is also incapable, of being piecipihilcd 
Iroin such solutions as imn, » aunot act on by any other metal. Hut tins i*. not the case; cojipc r 
and iinc readily piccipilutc '•ihcr from these solution*'. 
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ill the solution at the bottom of tlie wine where it continiieil 

during several iveeks, without suffering any change, or efVeeting 
any precipitation of the silver. . 

3. When the solution of silver was completely saturated, it was 
no longer affected by iron, according to Bergniaifs observation. 

4. Having found that the solution acted on the iron, and was 
thus precipitated, before it had been saturated, and not afterwards, 
I was desirous of knowing, whether the saturation was tlieeircuni- 
stance which prevented the action and precipitation. For this pur- 
pose I added to a portion of the saturated solution some of the 
same nitrous acid, of which a part hail been employed to dissolve 
the silver; and into tliis mixture, abounding with a sfipcrfliious 
acid, I threw a piece of iron, but no precipitation occurred. It 
was thence evident that the saturation of the acid was not the only 
circumstance which prevented the preci])itati»M. 

5. To another portion of the saturated solution of silver f added 
some*red smoking nitrous acid ; and I found, on trial, that iron 
precipitated the silver from this mixture, and that the .same appe.ar- 
aiiccs were exhibited as had been observed with the solution before 
its saturation. ^ 

G. The same effects wcr?^roduocd ivlicii vitriolic acid was added 
to the saturated solution of silver, and iron afterwards applied. 

7. To some of the same nitrous acid, of which a part had been 
employed to dissolve the silver,' I added a piece of iron ; and while 
the iron was dissolving 1 poured into the li(pioi* some of the satu- 
rated solution of silver, on which a precipitation of silver took 
place instantly ; thougli when the same acid had been previonsly 
mixed with the solution of silver, and the iron >vas then added to 
the mixture, no precipitation had ensued. • • 

S. The cpiantity of vitriolic acid, or of the red furiiing nitrous 
acid, necessary to communicate to the saturated? solution of silver 
the property of being acted on by iron, varies according to the 
con cent ratio A, and to the degree of phlogistication . of tlic acids 
added ; so that a less quantity than is sufficient does not produce 
any apparent effect. Yet, when the solution is by the addition of 
these acids brought nearly to a precipitable state, the addition of 
spirit of wine will, in a little time, render it capable of acting on 
iron. 

9- It appears then, that a solution of silver is not precipitated by 
iron in the cold, unless it have a su|)erabundaiice of phlogisticated 
acid.* 

* It was sail!, at section four, Uiat tlie a«Mitiun of dophlogislicatcd nitrou.s .luid tn a saturaf- 
cd solution of silver did not render this solutaoii preoipiLuldo by iron. Yet, as this .'irid dishobe-. 

iron, such a quantity maybe added, as to ovcTcome the counteracting quality of tlip aoJiition 
silver, so that the acid shall be able to acton the mm; and while this metal is jIis-soIviuk, d 
pMogisticatos the mUtui-e, which then bccoinos capable of being piccipitalcd, and i** m fa<t i*?- 
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,10. Heat affects the acUon of a solution of silver on iron; for 
if iron be digested with heat, in a perfectly saturated solution of 
silver; such as a solution of crystals of nitre of silver in water, the 
silver will be deposited in its bright metallic state on different parts 
of the iron, and the iron which has been acted on hy the solution 
appears in the form of a yellow ochre. 

11. Bergman relates, that ho has sometimes observed beautiful 
crystallizations or vegetations of metallic silver formed on pieces 
of iron immersed long in a solution of silver, I have found that no 
trial is able to effect tin's deposition, unless the solution be in a 
slate nearly suflioiently phlogisticated to admit of a preci'pitation by 
iron, Ijut Bot coiupletiOy phlogisticated cjiough to effect that pur- 
pose 1 01 mediately. 

lii. Dilnticai with a great deal of water seemed to dispose the 
solutions of silver to^ie ])i ceipitated by iron more easily. A solu- 
tion of silver, which did not act on iron, on being very much dilu- 
ted, and having a piece of iron immersed in it, during several hours, 
gave a precipitate of silver in the form of a black powder. 

§ 2. On the atlcrnlions which iron or its surface undergoes hy tJie 
action of a sohition o f silver in nitrous ae}'l, or of a pure concentrnUd 
nitrous acuL — 13. It has been said, that when iron is exposed to 
the action of a plilogisticated solution of silver, it instantly precipi- 
tates the silver,' is itself acted on or dissolved by tlic acid solution 
during a certain time, longer or shorter, according to the degree of 
phlogisticatioii, quantity of superabundant acid, and other circum- 
stances, and that at length the sohition of the iron ceases ; the 
silver precipitate is rcdissolved, if there is superfluous acid ; the 
liquor becomes clear again, but only rendered a little browner by 
Having dissolved some iron ; while the piece of iron remains bright 
and undisturbed at tlie liottom of tlic liquor, where it is no longer 
able to affect the solution of^ silver. 

14. I poured a part of the phlogisticated solution of silver which 
had passed through these changes, and wliich had ceafed to net on 
the piece of iron, into another glass, and dropped anotlier ])iece of 
iron wire into the liquor ; on which I iibscrvcd a jirecipitation of 
silver, a solution of part of the iron, a redissolution of the precipi- 
tated silver, and a cessation of all lliese phenomena, Avith the iron 
remaining bright, and quiet at the bottom of the liquor, as before. 
It appeared then, that the licjuor had not lost its power of acting 

• 

vliiced Id thr lOnic t in uitist aim's as arc ilcstribeil at S'-cljon 7. Tlui liniils Dflho nuautitics 
n'liicli produce cbau!,cs carniol he .'..certained, bcfuiise llicy tlcpend on tbe deforces •>! concenti'a 
tioii and pliloirhticutioM of tlic Mitistanccs empl.iyed . and tlierofoic, whenever a change is said 
to be produced by a cpvlinu substance, it means tljfttlt may be prtwlucod l/y some pi opoitioii, but 
does not imply byciory propoilMM, <»f that substance. Wuhont alteiidiug to these considera^ 
tions, poi*soiib ropt'at the cxp'^iiaciits mcutiDn*’d in this paper will lie liable to be 

deerned. 
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on fresh iron, tliough it ceased to act on tliat ijiece which had been 
exposed to it. 

To one of the pieces of iron which had been employed in 
the precipitation of a solution of silver, and from which the solu- 
tion, no longer capable of acting on it, had been poured off, I addcil 
some phlogisticated solution of silver, which had never been exposed 
to the action of iron, but no precipitation happened- It appeared 
then, that the iron itself, by having l)een once employed to precipi- 
tate a solution of silver, was rendered incapable of any furtlicr 
action on any solution of silver- And it is to l)e ob.served, that 
this alteration was produced without the least diminution of its 
metallic splendour, or change ol colour. The alteration however, 
was only superficial, as may be supposed ; for by scraping off its 
altered coat, it was again rendered capable of acting on a solution 
of silver. To avoid circumlocution, I shall call iron thus affected, 
tillered iron ; and iron which is clean, and has not been altered, 
fresh i)on. 

Id. To a phlogisticated solution of silver, in which a piece of 
briglit altered iron lay, without action, I added a piece of fresh iron, 
which was in.stantly^ cnvcl^ied with a mass of precipitated rilver, 
and acted on as usual; but,^vhat is very remarkable, in about a 
quarter of a minute, or less, the altered iron was suddenly covered 
with another coat of precipitated silver, and was now acted on by 
the acid solution like the //v.v// piece. In a little time the silver 
precipitate was redi&solved, as usual, and the two pieces of iron 
were reduced to an altered stjiie. When a frcsli })i(ico was then 
held in the liquor, so as not to touch the two ])ieces of altered iron, 
they were also soon aet(.*d upon by the acid solution, and suddenly 
covered with silver ))recipitate ,‘is before ; and these phenomena 
be repe.itcd wdtli the Siiiiic solution of silver, till the superfluous acid 
of the solution becomes saturated by tjie iron, and then tlie diss«)- 
lution of the precipitated silver must cease. 

17-,l polled some dephlogisticated nitrous acid on a piece o! 
tillered iron, without any action ensuing, although tliis acid readily 
acted on fresh iron ; anil when, to the (lephlogisticated nitrons aci(l, 
with a piece of tillered iron lying iinmcrsi'd in it, 1 added a piece 
of fresh iron, this immediately began to dissolve, ;ind soon after- 
wards the altered ii*on was ;icted on also by the acid. 

18. On a piece of altered iron I poured a solution of copper in 
niti’ons acid ; but the copper wus^ not precipitateil by tlie iron ; 
neither did this iron precipitate copper from a solution of blue 
vitriol. 

If). Altered iron was acted on by a dilute phlogisticated nitrous 
acid ; hut not by a red concentrated acid, which is known to he 
highly phlogisticated. 

I put some pieces of clean fresh iron wire into a concentrated 

8 H 
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and red fuming nitrous acid. No apparent action ensued, but tlic 
iron was found to be altered in the same manner as it is by a solu- 
tion of silver : that is, it was rendered incapable of being att^^ed 
cither by a phlogisticatcd solution of silver, or by dephlogistrcated 
nitrous acid. 

21. Iron was also altered by being iininersetl some little time in 
a saturated solution of silver, winch did not show any visible action 
on it. 

22. The alteration thus produced on the iron is very superficial. 
The least rubbing exposes some of the fresh iron beneath its sur- 
face, and thus sul)jects it to the action of the acid. It is therefore 
with difficulty that these pieces of altered iron can be dried without 
losing their peculiar property. For this reason, I generally transferred 
them out of the solution of silver, or concentrated nitrous acid, into 
any other licpior, the effects of which I wanted to examine. Or 
they may be transferred first into a glass of water, and then into 
the liquor to he examined. Bnt it is to be observed, that if they be 
allowed U) remain long in the water, they lose their pecnliar pro- 
perty or alteration. They may be preserved in their altered state 
by being kept in spirit of sal ammoniac. 

23. To a saturated solution of copper in nitrous acid, which was 
capable of being readily precipitated by fresh iron, I added some 
saturated solution of silver. From this mixture a piece of fresh 
iron neither precipitated silver nor cop])er : nor did tlie addition o! 
sonic dephlogislicaled nitrous acid effect this precipitation. 

24. A solution of copper, formed by precipitating silver from 
nitrous acid by means of copper, w.is very reluctantly and slowly 
preciphutci] a picco of fresh iron ; and the iron thus acted on 
by the acid changed into an ochre. 

2j. a saturated solution (rf* silver having been partly precipitated 
by copper, acquired the property of acting on fresh iron, and of 
being precipitated by it. • , ^ 

26. Fresh iron immersed sometime in solutions of nitre of lead, 
pr of nitre of mercury in Avater, did not occasion any })recipitation 
of the dissolved metals ; but acquired an altered quality. These 
metals then in this respect resemble silver. 

27. It is well known, that a solution of martial vitriol, added to 
a solution of gold in aqua regis, precipitates the gold in its metallic 
state. I do not recollect, that the precipitation of a solution of 
silver, by the same vitriol, has been observed. However, on pour- 
ing a solution of martial vitriol into a solution of silver in the nitrous 
acid, precipitate will he throwq down, which acquires, in a few 
minutes, more and more of a metallic apjiearance, and is indeed 
perfect silvar. When the two solutions are partly concentrated, a 
bright argentine film swims on the surface of the mixture, or silvers 
the side of the glass in which the experiment is made. W’hen a 
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plilogisticated solution of silver is used, the mixture is hlackenc<!, 
as iifippeiis generally to a solution of martial vitriol, wliorc phlogis- 
ticated nitrous acid is added to it. 

I atfded about equal parts of water to a mixture of a phlogistiealod 
solution of silver and a solutien of martial vitriol, in which all the 
silver had been precipitated, and digested the diluted mixture with 
heat, by which means most of the precipitated silver was rcdissolved. 
Bergman has observed a similar redissolution of gold precipitated 
by martial vitriol on boiling the mixture : but he attributes the re- 
dissolution to the concentration of the aqua regis by the evaporation. 
As this explanation did not accord with my notions, 1 diluted the 
mixture with water, and found that the same redissolutioii occurred 
both Avith llie solution c»f silver and with that of gold. But with 
neither of the metals <lid I find that the redissolutioii took place, 
unless there had been a superabundant acid m the solutions of sil- 
ver and gold employed. 

28. Mercury is also precipitated in its metallic* state from its so- 
lution in nitrous acid, by a solution of martial vitriol. When the 
liquor is poured off from its precipitate, this may be changed into 
rinmirig mercury Uy bein,«T dried near the fire. 

1 found also that silver may be precipitated in its metallic* 
state, from its solution in vitriolic acid, by adclition of a .solution of 
martird vitriol. A vitriol of mcreiiry may also be flcc^oin pounded 
by a solution of martial vitriol, and the; mercurial precipitate, which 
is a black powder, forms globules, when dried and warmed. 

.'lO. liuna cornea is not decompounded b^ martial vitriol; con- 
seciueiitly there is no operation of a double affinity. Yet this lima 
cornea may be decompounded by the elements of martial vitriol, 
while they are in the act of dissolution : that is, th^ silver may*l)e 
precipitated in its metallic state, by digesting luna cornea with a 
dilute vitriolic acid, to which some pieces of iron are added. And 
it is to be observed, that this reduction of the .silver and precipita- 
tion fake pface, while the acid is yet unsaturated. Marine acid and 
iron applied to luna cornea effect the same reduction of the silver 
to a metallic .state, even^when there is more acid than is sufficient 
for both metals. 

The explanation of these phenomena will be attempted in' tlie 
subsequent papers w^hich I propose to present on this subject to the 
society, ^ 


* Wo are not aware that Mr. Keir over favoured the scionlitic w'orld v\itli th'- 
explanation here proposed. — KpiT. 
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LIV. — Brief Synopsis ihc V rind pics of Alrt. James P. Espy'- 

Philosophy of Storms* . • 

When the air near the surface of llie earth l)econies more heated 
or more highly charged with aqueous va])our, which is only five- 
eighths of the specific gravity of atmospheric air, its equilibrium is 
unstable, and np-inoving columns or streams will be formed. 

As these columns rise, tlicir upper parts will come under less 
pressure, and the air will therefore expcUid ; as it expands, it will 
gr*)w colder about one degree and a quarter for every luindreil 
yards of its ascent, as is clemonstrated by experiments on the 
Nephclescope. 

I’he asctMiding columns will carry up Avith them the acjueous 
vapour whieli they contain, and if they rise high enough, the coki 
produced by expansion from diminished y)ressiire, will conilcnse 
some o(‘ this vapour into cloud; fo?* it is known that cloud is formctl 
in the receiver of an air-pump when the air is suddenly witlulrawn, 

'file distance or height to which vrill have to aseeiul 

before it will become cold enough to begin to form cleiid, is a 
variable quantity depending on the number of degrees which the 
dew point is below the temperature of the air; and this hciglit 
may be known at any time by observing bow many degrees a thin 
iTietrdlic tumbler of water must be cooled down below the tempera- 
ture of the air, before the vapour begins to condense on the outside, 
'file highest temperature at wliieh it will conden.se, which is vari- 
able according as there is more or less vapour in the air, is called 
the ‘‘dew j)oi*it,’* and the difi'erence between the dew point and the 
temperature of the air in degrees is called the complement of the 
dew point. * 

Jt is manifest that if tlie air at the surface of the earth should at 
any time be cooled ilown :i little below the dew point, itVoiikbforni 
a fog by condensing a small portion of its transparent vapour into 
little fine particles of water, and if it should be cooled 20^’ below 
the dew point, it w'oukl condense about one half its vapour into 
water, and at 40® below, it w'oukl condense about three-fourths of 
its vapour into water, &o. 

This, however, will not be exactly the case from the cold pro- 
(bleed by expansion in the up-moving columns ; for the vapour itself 
grows thinner, and the dew point falls about one-quarter of a de- 
gree for every hundred yards of ascent. 

ft follows, then, as the temperature of the air sinks about one 
degree and a quarter for every hundred yards of ascent, and the 

* Copious facts going to tiH> prins iplC'^ coiiiainoj in il)is Synopsis^ 

;^vc givon in Mr. F.spy’s T.^'cturos. 
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(lew point sinks about a quarter of a” degree, that as soon as the co- 
in mn rises as many hundred yards as the complement of the dew 
point contains degrees of Fahr., cloud will begin to form. Or in 
other words, iha bases of all clouds forming by the cold of dimin- 
ished pressure from up-moving columns of air, will bo about ;v> 
many hundred yards high as the dew point is below the tempera- 
ture of the air at the time. 

If the temperature of tlie ascending column should be lO*' above 
that of the air through which it passes, and should rise to the height 
of 4800 feet before! it begins to form cloud, the whole column would 
then be 100 feet of air lighter than surrounding columns ; and if the 
colli mil should be very narrow* its velocity of upward motion would 
follow the law’s of spouting fluids, wliich w'ould be eight times the 
s(juare root of 100 feet a s(»oond, that is 80 feel a second, and the 
barometer in tin; cen.tre of the column at its basi*, would fall about 
the ninth of an inch. 

As soon as cloud begins to form, thcciloric of elasticity of‘ the 
vapour or steam is giviai out into tile air in contact witli the little 
particles of water formed by the condensation of n';e vapour. This 
will prcviMit the air^ii its i,p'tlKT jirogress iVoin cooling so 

fast as it did up to that [loint, and from e\ju rimeriLs on iUc jVephi*- 
lescopc, it is found to cool only about one half as mncli above the 
base of the eloiul as below — that is, a!)oiU iive-eightiks of a degree 
(or one lunidred yards of ascent, wl'.ea the d(*\v point is about 
If the dew point is higher it cools a little less, and if the dew point 
is lower, it cools a little more than five-eigiilhs of a degree in ascend- 
ing one hundred yards. 

Now it has been ascertained by aeronants and travellers on 
mountains, that the atmosphere itself is about one degree colder fdr 
(‘Very hundred yards in height above the surface of the sea ; there- 
fore, as the air in the cloud, above its ftase, is only five-eighths of a 
degree colder for every hundred yards in height, it follows, that 
when* the cloud is of great pcrpciKlicular height above its liase, its 
top must be much warmer than the atmosplierc at that heiglit, and 
consequently much lighter. 

Indeed the specific gravity of a cloud of any height compared t(» 
tliat of the surrounding air at the same elevation, may be calculated 
when the dew point is given. For its temperature is known by 
experiments with the Nejihelescope, and thequantity of vapour con- 
densed by the cold of diminished^ pressure at every point in its 
upward motion, and of course the quantity of caloric of elasticity 
given out by this condensation is knov n, and also the effect this 
caloric has in expanding the air receiving it, beyond the volunu! it 
would have, if no caloric of elasticity was evolved in the condensa- 
tion of the vapour. 

For example, according to the experiments of lh(Jf. VW-dter U. 
Johnson, of Philadelphia, a pound of steam at the temperature ol 
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contains 1030 of caloric of elasticity, and asj^the sum of the 
latent and sensible caloric of steam is the same at all temperatures^ 
it follows that a pound of steam being condensed into 1198 pounds 
of water at 32** would heat it up 1°. And as the specific caloric 
of air is only 0.267, if a pound of vapour should be condensed into 
1198 pounds of air, it would heat that air nearly 4**, or which is 
the same thing, it Would heat 110 pounds of air 4®, or 100 pounds 
48®, and in all these cases it would expand the air about 8000 
times the bulk of water generated that is, 8000 cubic feet for 
every cubic foot of water formed out of the condensed vapour. 
And as it requires between 1300 and 1400 cubic feet of vapour, at 
the ordinary temperature of the atmosphere, to mjikc one cubic 
foot of water — if this quantity be subtracted from 8000, it will 
leave upwards of 66OO cubic feet of actual expansion of the air in 
the cloud for every oubic foot of water generated there by con- 
densed vapour. 

This great expansion of the air in the forming cloud will cause 
the air to spread outwards in all directions above, causing the 
barometec to rise on the outside of the cloud above the mean, and 
to fall below the mean under the middle of t\ie cloud as much as 
it is known to do in the midst of greivv ’storms. 

For example, if tlic dew point should be very higli, say 78®, 
then the quantity of vapour in the air would be about one-fiftieth 
of its whole weight, and if the up-moving column should rise high 
enough to condense onc-half its vapour into cloud, it would heat 
the air containing it 45®, and the air so heated would be 45-480ths 
larger than it would be if it was not so heated. And if we assume 
a case within tlie bounds of .nature, and suppose the cloud and the 
column undgr the cloud to occupy three-fourths of the whole 
weight of the atmosphere, or in other words, if we suppose the 
top of tlie cloud to reach a height where the barometer would 
stand at 7i inches, and the mean temperature of the whole column 
40® warmer than the surrounding air, then would the barpnieter 
fall under the cloud at the surface of the earth 40-480ths of 22.5, 
or a little more than two inches. 

Though the air may be driven up by the ascending column much 
higher than the point assumed in the last article, the cloud will cease 
to form at greater heights, because the dew point at these great 
elevations, falls by a further ascent as rapidly as the temperature — 
and at greater elevations, it will even fall more rapidly, if for 
instance the air should rise from where the barometer stands at six 
inches to where it stands at three inches, the dew point would fall 
about 20®, but the temperature would fall less than 20®, and there- 
fore no vapour would be condensed by such ascent. 

When a cloud begins to form from an ascending column of' air, 
it will he seen to swell out at the top wliilc its base continues on 
the same level, for the air has to rise to the same hoigfit before it 
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becomes cold enough by diminished pressure to begin to condense 
its vapour into water ; this will cause the base to be Hat^ even after 
the cloud has acquired great perpendicular height^ and assumed 
the form of a sugar loaf. Other clouds also for many miles around, 
formed by other ascending columns, will assume similar appear- 
ances, and will moreover have their bases all on the same or nearly 
the same horizontal level ; and the height of these bases from the 
surface of the earth will be the greatest about three o'clock, when 
the dew point and temperature of the air is the greatest distance 
apart. 

The outspreading of the air in the upper parts of an ascending 
column will form an annulus all round the cloud, under which the 
barometer will stand above the mean ; of course the air will de- 
scend in the annulus, and increase the velocity of the wind at the 
surface of the earth towards the centre of the ascending column, 
while all round on the outside of theannuius there will be a gentle 
wind outwards. Any general currents of air Avhich may exist at 
the time, will of course modify these motions from the oblique 
forces they would occasion. 

Tlie up-moving cmrrents/if^air must of course be entirely su[)- 
pliecl by the air within theannuius, and that which descends in the 
annulus itself. 

I'he rapid disturbance of equilibrium, w^hich is produced by one 
ascending column, will tend to form others in its neighbourhood ; 
for the air being pressed outwards fiom the annulus, or at least re- 
tarded on the windward side, will form other ascending columns, 
and these will form other annuli, and so the process will be con- 
tinued. 

• • 

These ascending columns will have a tendency to approach, and 
finally unite ; for the air between theip must descend, and in de- 
scending the temperature of the whole column will increase, for it 
is known th^t the air, at great qfevation, contains more caloric to 
the pobnd than the air near the surface of the earth, because it is 
the upper regions that receive the caloric of elasticity given out in 
the coudansation of vapour into clouds. Therefore, when the air 
has descended some •time in the middle, between two ascending 
columns, the barometer will fall a little, or at least not stand so 
high above the mean as it does on the outside of the two clouds, 
and so the columns will be pressed towards each other. 

If one of two neighbouring coluinns should be greatly higher 
than tbe other, its annulus may overhp the smaller one, and of 
course the current under the smaller cloud will be inverted, and 
the cloud which may have been formed over the column thus 
forced to descend, will soon disappear ; for as it is forced down- 
wards by the overlapping annulus of the more lofty column, it AviJl 
come under greater pressure, and its temperature Avill be thus in- 
creased; and it is manifest that as soon as its top descends as low as 
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its base, it will have entirely disappeared, and in the mean time the 
larger cloud will have greatly increased. 

As the air above the cloud formed by an ascending column is 
forced upwards, if it contains much aqueous vapour, a thin film of 
cloud will be formed in it by the cold of diminished pressure, en- 
tirely distinct from the great dense cumulus below ; but as the 
cumulus rises faster than tlie air above it (for some of tlie air will 
roll off) the thin film and the top of the cumulus will come in con- 
tact ; and sometimes a second film or cap may be formed in the 
same way, and perhaps a third and fourth. When these caps 
form, there will probably be rain, as their formation indicates a 
high degree of saturation in the upper air. 

Wlicn the complement of the dew point is very great (20'^ and 
more,) clouds can scarcely form ; for up-moving columns will 
generally cither come to an equilibrium with surrounding air, or be 
(lisper^cd before they rise twenty hundred yards, which they must 
do in this case, before they form clouds. Sometimes, however, 
masses of air will rise high enougli to form clouds, but they are 
generally detached from any iip-ir.ovlng column underneath, and 
of course cannot then form cumuli with ^hit bares ; such clouds will 
be seen to dissolve as soon as they form, and even while forming 
they will generally appear ragged, thin and irregular. 

Moreover, if the ground should be colder during the day, tlian 
the air in contact witli it, as it sometimes happens after a very cold 
spell of weather, then ascending columns cannot exist, ami of course 
no cumuli can be formed on that day, even thougli the air may be 
saturated with vapour to such a degree >s.,to conclensc a portion. of 
it on cold bodies at the surface of tlie earth. 

Neither can clouds form of any very great si/c, when there arc 
cross currents of air suflicicqtly strong to break in two an ascending 
current, for the ascensional power of the up-moving current will 
thus be weakened and destroyed. ^ J'his is one means contrive<l by 
nature to prevent up-moving columns from increasing until rain 
would follow. Without some such contrivance it is probable that 
every up-moving column which should begin to form clqipd when 
the dew point is favourable,.wou]d produce n«n, for as soon as cloud 
•forms, the up-moving power is rapidly increasedj by the evolution 
of the caloric of elasticity. 

If it should be found by observation that an upper current of air 
is passing from the moiintains of Abyssinia over Egypt to the nortli, 
while tlie wind below is blowing from the north towards tlie^noun- 
tains of Abyssinia, this would manifestly be owe reason why it 
seldom rains in Egypt during the pre\c:ilence of this wind, tliough 
it comes highlychargcd with vapouf from the Mediterranean, lie- 
sides, it is known that during the prevalence of this wind there arc- 
great rains in Abyssinia, and of course if the upjicr current does 
flow over Egypt from the south, it would bring in it a large portion 
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of the caloric of elasticity, which it received there, in the frveat con- 
densation of the vapour as it rose up the sides of the mountains at 
the head of the Nile ; of course the columns of air rising over 
Egypt, when they entered that current would cease to rise, for tlie 
temperature of that current would be many degrees hotter than 
themselves, and therefore they could not swim in it. 

Also, on the leeward side of very lofty mountains, there cannot 
be rain : for as the air on the windward side rises up the sides of 
the mountain, it will condense all the vapour which can be con- 
densed by the cold of diminished pressure, before it readies to the 
top, and even if a cloud passes over the top to the other side, it 
would soon disappear, because in passing down the slope it will 
come under greater pressure, and thus be dissolved by the heat pro- 
duced. 'fliese arc some of the causes which prevent rains at 
particular times and in particular localities. • 

If, liowever, the air is very hot below with a high dew point, 
and no cross currents of air above to a great height, then, when an 
up-moving current is once formed, it will go on and increase in 
violence, as it acquires perjiendicnlar elevation, especially after tlie 
doud begins to form. At first the base of the cloud will be flat ; 
but after the doud becomes of great iierpendiciilar diaineter, and 
the barometer begins to fall considerably, as it will do from tlie 
specific levity of the air in the doud, then the air will* not have to 
rise so far as it did at the moment when the eloiid began to form, 
before it readies high enough to form doud from the cold of 
dim inished pressure. 

I’hc doud will now be convex below, and its upper parts will 
bo seen spreading outward in all directions, especially on that side 
towards which tlie upper current is moving, assuming something 
of the shape of ;i mushroom. In the mean time the action of the 
imnoving current below and upmoving torrent in the middle will 
become very violent, and i£ the barometer falls two indies under 
the centre of the doud, the air wiil cool about lO'^, and the base of 
the clodd will reach the earth if the dew point was only below 
the temperature of the air at the time the doud began to form, 
fhe shape of the lower part of the cloud will now be that of an 
inverted cone with its apex on the ground, and it will be what is 
called ti tornado if it is on land, and a w^ater-spout if at sea. 

On visiting the path of a tornado, the trees on the extreme 
borders will all be found prostrated \^ith their tops inwards, either 
inwards and backwards, or inwards and forwards, or exactly trans- 
u*rse tojthe path. The trees in the ceiitre of the path will be 
t^^own either backwards or forwards parallel to the path ; and 
invariably if one tree lies across,another, the one which is thrown 
backwards is underneath. Those materials on the sides which are 
moved from their places and rolled along the ground, leaving a 
•trace of their motion, will move in a curve convex behind; those 
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whicli were on tlie right hand of the path, will make a cnrvc from 
left hand to right, and those on the left hand of the path w ill make 
a curve from right hand to left, and many of these materials will 
be found on the opposite side of the path from that on which they 
stood on the approach of the tornado. Also, those bodies whicli 
are carried up will appear to whirl, unless they arise from the 
very centre— those that arc taken up on the right of the centre will 
whirl in a spiral from left to right, and those on the left of the 
centre, will whirl in a spiral upwards from right to left. On 
examining the trees which stand near the borders of the path, it 
will be found that many of the limbs are twisted round the trees 
and broken in such a manner as to remain twisted, those on the 
right hand side of the path from left to right, and those on the left 
hand side of the path from right to left. However, it will be found 
that only those limbs which grew on the side of the tree most dis- 
tant from the path of the tornado arc broken ; for these alone were 
.subject to a transverse strain. 

'file houses which stood near the middle of the path will be very 
liable to have thereof blown up, and many of the walls will be 
prostrated all outwards, by the explosive influence of the air within, 
and those houses covered with zinc or tii., Irom being air tight will 
be liable to suffer most. The floors from the cellars will also fre- 
(juently be thrown up, and the corks of empty bottles exploded. 

All round tlie tornado at a short distance, probably not more than 
three or four hundred yards, there will be a dead calm, on account 
of the annulus formed by the rapid efflux of air above, from, the 
centre of the up-moving and expanding column. In this annulus 
the air will be depressed, and all round on the outside of it, at the 
surface of the earth, there >vill be a gentle wind outwards ; and of 
dourse all the air which feeds the tornado, i.s supplied from within 
the annulus. Nor is this difficult to understand, .when the depres- 
sion of the air in the annulus is considered, for any amount may be 
thus supplied by a great depression. 

Light bodies, such as shingles,' branches of trees, 'and dvops of 
rain or water formed in the cloud, which are carried up to a great 
Jieight before they are permitted to fall to the earth ; for though 
they may frequently be thrown outwards above, and then descend 
a considerable distance at the side, they will meet with an inblow- 
ing current below, which will force them back to the centre of the 
np-moving current, and so they will be carried aloft again. 

The drops of rain, howevijr, will frequently be carried high 
enough to freeze them, especially if they are thrown out above so 
far as to fall into clear air, for this air will in some cases be thirty 
or forty degrees colder than the air in Jthe cloud. In this case if the 
up-moving column is perpendiculaf, the hail will be tlirown out on 
botli sides, and on examination it will be found that two veins of 
hail fell simultaneously, at no great distance apart. 
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It is indeed probable that in all violent thunder storms in which 
hail falls, the upmoving current is so violent as to carry drops oi’ 
rain to a great height, when they freeze and become hail. It is 
didicult if not impossible to conceive any other way in which hail 
can be formed in the summer, or in the torrid zone. 

In those countries in which an upper current of air prevails in a 
particular direction, the tornadoes and water-spouts will generally 
move in the same direction ; because the upmoving column of air 
in this meteor rises tar into this upper current, and of course its 
upper part will be passed in this direction, as the great tornado 
cloud moves on in the direction of the upper current, the air at the 
surface of the earth will be pressed up into it by the superior 
weight of the surrounding air. It is for this reason the tornado in 
Pennsylvania generally moves towards the eastward. 

If a tornado should stop its motion for a few seconds, as it might 
do, on meeting with a mountain, it would be likely to pour down 
an immense Hood of water or ice, in a very small space ; for the 
drops wliich would be carried up by the ascending current would 
soon accLiiiiulate to such a degree, as to force their way back, and 
this they could not do, without collecting into one united stream of 
immense length and- wcigtst,,^and of course on reaching the side of 
the mountain, tliiwS stream, whether it consisted of water or hail, 
would cut down into tlie side of the mounlain a deep hole, and 
make a gully all the way to the bottom ol the mountain from the 
place where it first struck. 

An the air spreads out more rapidly above than it runs in below, 
there will be a tendency in storms to increase in diameter, and 
also to l)ecome oblong from the influence of the upper current in 
carrying the top of the cloud in its own direction. ^ 

At the eipiator, or at least those parts of it where the trade winds 
arc constant from east to west, it is prdL>able torn.uloes travel from 
east to west. For as the air in the torrid zone is about in 
temperature jit a mean, and the air in the frigid zone is about zero, 
the air' in the torrid zone is constantly expanded l)y heat about 
80-448th of its whole bulk in the frigid zone, his will cause the 
air at the equator to stand more than seven miles higher from the 
surface of the earth to the top of the atmosphere than at the nortli 
pole. The air therefore will roll oiF from the torrid zone both 
ways towards the poles, causing the barometer to fiill in low lati- 
tudes and rise above the mean in high latitudes. This will cause 
the air to run in below towards the equator, and of course rise there. 
Now from the principle of the conservation of areas, it will fall 
more and more to the west as it rises, and of course the upper cur- 
rent of the air, at the equator, probably moves towards the west. 

However, as the air rolls off above, towards the north, it will he 
constantly passing over portions of the earth’s surface, which have 
a less diurnal velocity than the part from which it set out, and as 
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from the nature of inertia it still inclines to retain the diurnal velo- * 
city towards the east which it originally possessed^ when it reaches 
the latitude of about 20^^ or 20^, it will then probably be moving 
nearly towards the north— and beyond that latitude its motion will 
be to the northeasterly. 

If violent storm clouds^ which necessarily rise to a great height 
into the upper current, are driven forward in the direction of the 
upper current, it is probtable that the barometer will rise higher in 
that part of the annulus which is in front of the storm, than in the 
rear, and if so, a sudden rise of the barometer in particular localities, 
may become, wlien properly understood, one of tire first symptoms 
of an approaching storm. 

In consequence of the high barometer in front of the storm in a 
semi-annulus, the air will be forced downwards there, and cause 
in some cases a moro violent action of the air or wind backwards, 
meeting the approaching storm, than will be experienced, in the 
rear of the storm. 

As the air conics downwards in the semi annulus in front of the 
storm, it will come under greater pressure, and therefore any clouds 
wliich it may contain, will probably be dissolved, by the heat of 
great pressure, and therefore on the passage of the annulus, it will 
probably be fair >veather. 

Also, as the air above always contains more caloric to the pound, 
than the air below, there will be an increase of temperature on the 
passage of the annulus, partly from the increased pressure, but 
chiefly by the descent of the air ; in very hot climates this increase 
of temperature, in front of the storm, will be very sensibly felt. 

The increased pressure in the annulus rountl a volcano, when it 
siTlldenly buvits out, will sometimes under favourable circumstances, 
be very great, and of course the air will be depressed from a great 
lieight, so that some portion^ of the very air whicli has gone up 
in the central parts of the ascending column, and formed cloud 
by the cold of diminished prcssui'c, will be forced down to the 
surface of the earth, bringing with it the caloric of elasticity wliich 
it received from the condensing vapour ; if so, the heat experi- 
enced at the time of this descent, will be very great. 

These hot blasts of air will alternate with cold blasts, for the air 
wliicli is forced down from great lieights in the annulus will not 
only be very hot, but very dry, having condensed its vapour, in 
its previous ascent. Now wliQii this hot dry air flows inwards 
again towards the volcano and ascends, it will not form cloud, 
because of its want of vapour ; and therefore the process of cloud 
forming will cease, and consequently rain and hail will cease too, 
until more air from a greater distance that has not been deprived 
of its vapour flows in and ascends. Thou cloud will again begin 
to form and the violence and rapidity of the outflowing of the air 
above will be incrcasi d by the evolution of the caloric of elasticity. 
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the barometer will rise rapidly in the annulus and fall in the cen- 
tral part of the ascending column, and these alternations may con- 
tinue while the volcano is in activity, more particularly if the 
violence of tlie volcano itself should be increased periodically. 

As air cannot move upwards without coming under diminished 
pressure, and as it must thus expand and grow colder and conse- 
quently form cloud — any cause which produces an upmoving 
column of air, whether tliat cause be natural or artificial, will pro- 
duce rain, when tl»e complement of the dew point is small, and the 
air c<dm below and above, and the upper pait of the atmosjdiere of 
its ordinary temperature. 

Volcanoes therefore under favorable circumstances will produce 
rain ; sea breezes which blow inwards every day towards the 
centre of islands, especially if these islands have in them high 
mountains, which will prevent any uj)per .current of air *froni 
bending the upmoving current of air out of the perpendicular 
before it rises high enough to form cloud, such as Jamaica — will 
])roducc rain every dry ; great cities where very much fuel is 
burnt, in countries where the complement of the dew point is 
Small, such as Manchester and Liverpool, will frequently produce 
rain ; even battles, ^nd aCeid^iital fires, if they occur under favor- 
able circumstances, may sometimes be followed by rain, f^et all 
these favorable eircnnistaiices be n:itchi*d for in time of ilrouglit, 
(and they can only occur then,) and let the experiment be tried. 
If it should be successful, the result would be highly beneficial to 
mankind. 

Independent of its utility to the farmer, it would be highly use- 
ful to the mariner in the following way. 

As the very time and jjlacc of the commencement of the rajii 
would be known, it would be easy to find out in what direction 
from the place of beginning it moved along the surface of the earth, 
and also its velocity of motion, and the shape that it assumed, 
from time to time in its progress. Now this knowledge is the 
principal thing wanting to enable the mariner^ who lias the power 
of locomotion, to direct his vessel so, when one of tliese great storms 
comes near Iiiin, as to use as much wind in the borders of the 
storm as will suit the ]>urposes of navigation — for heaven un- 
doubted makes tlic wind blow for his use and not for his destruc- 
tion, provided he becomes acquainted with the laws to which it is 
subject. From the preceding principles he will be able to know in 
what direction a great storm is raging when it is yet several hun- 
dred miles from him , — From Silliman’s Jouinal, 
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LV, — On the Eleciriciif/ of a Jet of Steam issuing from a Boiler. 

By H. G. Ahmstrong, Esq.^ in Letters to Professor Faraday.^ 

Sir, 

A few (lays ago, I was informed that a very extraordinary elec- 
trical phuenomenon, connected with tlie efflux of steam from the 
safety-valve of a steam-engine boiler, had been observed at Seghill, 
about six miles from Newcastle. I therefore took an early oppor- 
tunity of going over to that place, to investigate the truth of what 
I had heard, and by so doing I have ascertained the precise facts 
of the case, which appear to me to possess so much novelty and 
importance, that I deem it right to transmit the particulars to you 
believing that in your hands they will prove most conducive to the 
advancement of sciei\ce. VV^ithoiit further preface, I shall proceed 
to narrate what I saW’ and heard on the spot. 

Tliere is nothing remarkable in the construction of the boiler, 
which is supported upon brick-masonry in the usual way. The 
safety-valve is placed on the top of a small cylinder, having a flange 
round the lower end, which is listened by bolts to the summit of 
the boiler, between which and the flange, a cement, composed of 
chalk, oil, and tow, is interposed for the purpose of making the 
joining steam-tight. 

About three weeks ago the steam began to escape at this joining, 
through a fissure in the cement, and has ever since continued to 
issue from the aperture in a copious horizojilal jet. Soon after this 
took place, the engine-man, having one of his hands accidentally 
immersed in the issuing steam, presented the other to the lever of 
the valve, vith a view of adjusting the weight, when he was 
greatly surprised by the appearance of a brilliant spark, which 
passed between the lever an(l his hand, and was accompanied by a 
violent wrench in his arms, wholly unlike what he Jiad ever expe- 
rienced before. The same effect \vas repeated when he attempted 
to touch any part of the boiler, of any iron-work connected witli 
it, provided his other hand was exposed to the steam. He next 
found that while he held one hand in the jet of steam, he commu- 
nicated a shock to every person whom he touched with the other, 
whether such person were in contact with the boiler, or merely 
standing on the brickwork which supports it ; but that a person 
touching the boiler, received a much stronger shock than one who 
merely stood on the bricks. • 

These singular effects were witnessed and experienced by a great 
many persons, and among others by two gentlemen with whom I am 
personally acquainted, and wlio fully corroborate the above account, 
which 1 obtained from tlie cnginc-nuAi. 

The boiler Iiad been cleaned out the day before I saw it, and a 
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thin incrustation of calcareous matter reaching as higli as tlie water 
level had been removed, and the consequence was, that the indi- 
cations of electricity, though still existing, were very much 
diminished. Still, however, what remained was very extraordinary; 
for when I placed one hand in the jet of steam and advanced tiu‘ 
other within a small distance of the boiler, a distinct spark appeared, 
and was attended with a slight electrical sliock. 

From the effect produced by the cleaning of the boiler, it ap- 
pears pretty obvious that the phenomenon is in a great measure, 
though not wholly, dependent upoti the existence of an incrustation 
within ; and the reason w'hy such effects do not in any degree 
attend the effluxion of a jet of steam from a boiler in ordinary cases, 
must, 1 apprehend, be sought for in the fact, that in the present 
instance the steam escapes through an aperture in a non-conducting 
material, while in a vast majority of cases the escape must take 
place through a metallic orifice. Can the explosion of boilers, res- 
pecting the cause of whicli so much uncertainty at present exists, 
have any connexion with the rapid production of electricity which 
thus appears to accompany the generation of steam ? 

In the present case the incrustation of the boiler is very rapidly 
formed, and I therefore expect that in a few days the effects will 
have become as strong as they were at first. Whenever this takes 
place I shall again go over to witness them, and if you wish for any 
further iuforniation, I shall be glad to obtain it for you. In the 
mean time you are at liberty to make any use of this letter that 
you think lit. 

I am, Sir, very respectfully yours, 

H. G. Ahmstrong. 

Nenvastk* upon Tyne, Oct. 14, IS'JO. 


Ncwcastlc-upon-T\ no, Oct. 22, 1610. 


f » * 

Dear Sir, — [ yesterday revisited the boiler at Seghill, in company 
with some friends, and took with me such apparatus as I deemed 
necessary for experimenting on the electrical steam. The results of 
this second visit 1 now hasten to communicate, and you will find in 
the following account of my proceedings, answers to all the queries 
you were kind enough to send me, for the purpose of directing my 
attention to the proper points of inquiry. 

I found the boiler, and every thftig connected with it, precisely 
in the state in which I have already descrioed it, and on trying the 
steam in the same way as t did on the former occasion, the effect 
was very nearly the same ;'but when I placed myself on an insu- 
lating stool, the intensity of the sparks which passed between my 
hand and the boiler was greatly increased, as well as the twitching 
sensation in the knuckles and wrist, which accompanied the opera- 
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tioi), and Tvlilcli in my former letter I designated a slight electrical 
shock. In pursuance ol‘ your instructions, I had provided myself, 
with a brass plate, liaving a copper wire attached to it, which termi- 
nated in a round brass knob. When this plate was held in the 
steam by means of an insulated handle, and the brass knob brought 
within about a quarter of an inch from the boiler, the number of 
sparks w^hich passed in a minute was from sixty to seventy, as nearly 
as we could count ; and when the knob was advanced about 
one-sixteenth of an inch nearer to the boiler, the stream of elec- 
tricity became quite continuous. 'J'he greatest distance between 
the knob and the boiler, at which a spark would pass from one to 
the other, was fully an inch. A Florence flask, coated with brass 
filings on both surfaces, was charged to such a degree with the 
sparks from the knob, as to cause a spontaneous dischavge through 
the glass ; and several robust men received a severe shock from a 
small I^eyden jar charged by the same process. The strength of 
the sparks was (piite as great when the knob Avas presented to any 
conductor communicating with the ground, as when it was held to 
the Iwiler. It appeared to make very little diflerence iu what part 
f)f the jet the plate attached to the conducting wire was held ; but 
when a thick iron wire was substituted for the plate, the effect W'as 
greatest when the wire was held very npar co tin? orifice. The valve 
was loaded at the rate of 35lbs per square inch ; but the pressure 
of the steam fluctuated considerably, which gave me an opportiN^^ 
nity of observing that the quantity of electricity derived from the 
jet increased and diminished with the pressure. The electricity of 
the steam Avas posidee, for aa'Iicu the pith balls of the electrometer 
fli verged upon an instrument connected Avith the steam, they were 
attracted hj a piece of sealing Avax nibbed on Avoollen cloth ; and 
Avhen a pointed wire Avas held by the person on the stool, under the 
shade of a haty^a pencit, and not a .star, of electrical light became 
visible. 

Besides the principal jet of steam Avhich I operated upon, there 
were several small streams issuing from different parts of the 
boiler, and in each of these the electrometer indicated tlfe presence 
of electricity. From the peculiar manner in which the steam blew 
off from the safety-valve when the weight on the lever was lifted, 
it was quite impos.sible to try any satisfactory experiment upon the 
steam wliich was alloAved to escape by that means. I applied the 
gold leaf electrometer to various parts of the boiler, which, I 
ought to observe, is in direct communication with the ground by 
means of the steam pipes, but could scarcely detect a trace of elec- 
tricity in any part of it. 

The engine has another boiler besides the one in question, and 
the two boilers lie immediately adjacent to each other, flaving 
been informed tliat similar phenomena had been discovered in this 
second boiler, I proceeded to apply the electrometer to some small 
pencils of steam Aihich were escaping in different parts, and found 
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the same indications which I had observed under similar circum- 
stances in the first boiler. I then raised the safety-valve, and the? 
column of steam which escaped from it proved as highly chargeil 
with electricity as the liorizontal jet which issued from the other 
boiler, and in which the phenomenon had first been observed. 

Upon inquiry, I found that the water used in the boilers was 
obtained from a neighbouring colliery, where it was pumped out of 
the mine, and that the same water was used for the boiler of a small 
high-pressure engine adjoining the colliery from which the water 
was procured. In order, therefore, to form an opinion whether or 
not the phenomena in question was dependent upon the quality of 
the water from which the steam was generated, I proceeded to 
examine the steam evolved from the boiler to which I had been 
referred, and which proved to be a very small one. The valve was 
loaded with only twenty pounds on the square inch, and I learned 
from the engine-man that no appearance of electricity had ever been 
noticed in the steam. Upon trial, however, I succeeded in obtaining 
very distinct sparks of electricity from the column of steam which 
issued from the safety-valve. The sparks w’crc certainly weaker 
than those obtained at the other engine, but this may reasonably be 
ascribed to the inferior pressure of the steam, and smaller size of 
the boiler. 

I then repaired to another high-pressure engine, which belonged 
to the same establishment, and the boiler of which was supplied 
with ram water instead of that drawn from the mine. In this case 
the pressure of the steam w.is forty pounds on the square inch. 
The valve was inaccessible, but a powerful jet of steam w^as ob- 
tained from the upper guage-cock ; I could not, however, obtain 
any trace of electricity in the steam from this boiler, not even suffi- 
cient sensibly to affect the gold-leaf electrometer. The presumption, 
then, is exceedingly strong, that the phenomenon is in some way 
occasioned by the peculiar nature of the water from which the 
steam is prgduced. I enclose you a specimen of the incrustation^, 
of a mgntlfs growth, deposited by the water from the mine in the 
boilers in which it is used. 

I shall be glad to receive any further instructions from you as to 
the proper mode of pursuing the investigation, and should be 
much gratified to hear your opinion as to the cause of this most 
curious phenomenon t. 

I am, dear sir. 

Very respectfully yours, 

X H. G. Armstrong. 

M Faraday, Esq. 

* The incrustation is grey and Jjartl ; it contains traces of a soluble muriate 
and sulphate, but consists almost entirjly of sulphate of lime, with a little oxide 
of iron and insoluble clayey matter, carried in probablj" by the water, There 
is hardly a trace of carboiiule of lime in it.-7-M. F. 

f The evolutiun of electricity by vaporization, described by Mr. Aim.'ilroiig 

3 K 
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LVI. — Experimcnls on the Electricity of High- Pressure Steam. By. 

H. L. Pattinson, Esq., T.G.S. 

To the Editors of the Philosophical Magazine and Journal. 
Gentlemkn, 

A very singular plienouienon, viz., tlie production of electricity 
by two steam-boilers, has been observed in this neighbourhood 
within the last few weeks, the particulars of which I have the 
pleasure of transmitting to you for puldication in your valuable 
Journal. The boilers in question .are situated at Craralington Col- 
liery, eight miles north-east of Newcastle, where they supply 
steam to a high-pressure engine of 2fi-horse power, employed on 
the waggon-way to haul full and empty waggons to the top of two 
inclined planes, leading to the colliery on the one hand, and to the 
river Tyne on the other. The boilers are cylindrical, with circular 
ends, each twenty-one feet long, and five feet diameter. They 
are supplied with water from an adjacent pond by iron feed-pipes, 
four inches diameter, and the steam they produce is. conveyed to 
the working cylinder by other iron pipes, six inches diameter, 
which pipes form also a direct metallic communication between the 
‘to2)8 of the boilers. By means of appropriate valves the steam is 
supplied to the cylinder from one or other boiler at pleasure. A 
pipe, two inches diameter, leads from the bottom of one boiler on 
the outside of the brick-work to the ash-pit, through which the 
sediment deposited by the water is occasionally blown from one of 
Spotfs pateiy; collecting cones, and a similar pipe is attached to the 
other boiler. The boilers are set in brick-work in the usual way, 
the fires below, with flues reaching all round, and passing into the 
chimney also in the usual manner. The flues are covered with 
large flat bricks, and in the space between the boilers tlfe two flues 
are necessarily separated by a brick wall. The safety- v.alves are 
attached to the boilers by flange joints ; and between the flanges, 
to render them steam-tight, is placed a ring of plaited hemp covered 
with a cement of litharge, sand and linseed oil, mixed up together, 
And when applied of the consistence of glaziers* putty. This 
cement, as it soon becomes hard, is used about the engine for steam 
joints which occasionally fail ; but all the joints of the pipes are 
made of iron borings and Scil -ammoniac, as ordinarily employed by 

is most lively the samo as that alic’a«ly hnown to philosophers on a much smaller 
eca^e, and about which there are as yet doubts whether it is tu he referred to a 
mere evaporation, as Harris says, or to yhefnieal action, acconliiig to others. 
This point it neither settles nor ilU-strates; but it gives us the evolution of elec- 
tricity during tlic conversion of water into vapour, upon an enormous scale, and 
therefore brings us much n'^arcr to the clcclrir phenomena of volcanos, water- 
ppouts and Ihinidcr storms, than befoio. — M. F. 
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ciigine-wiijyhts. The steam is worked at a pressure ot‘ thirty-live 
pounds per inch. 

The joint between the top of one of the boilers and the seat of 
its safety-valve had given way, and steam was issuing forcibly 
through this ajierture, when on Tuesday, September 2i)th last, the 
engine-man, William Patterson, while standing w ith this current of 
steam blowing jipon his legs, took hold of the weight attaclied to 
the lever of the safety-valve, to try tlie strength of the steam, when 
he felt a peculiar pricking sensation in the ends of his fingers, but 
as the steam prevented him from seeing distinctly, he thought he 
had merely struck his fingers rather suddenly against the weight. 
On Friday, October 2nd, on taking hold of the lever, he again felt 
a sensation in his fingers of the same kind as before ; and on Sa- 
turday, the 3rd, on touching the weight, this sensation was 
stronger, and more distinct ; so much so, as to arrest liis attention 
and lead him to mention it to some other workmen employed about 
the engine, who all handled the weight, and convinced themselves 
tliere was something about it very unusual. During the time they 
were thus employed, Patterson applied his finger gently to the 
lever, and perceived a spark. This was repeated by the whole 
party, and they soon found that sparks could be obtained from any 
part of the end the iJoilw, as far as the valve upon the steam- 
pipe connecting the two boilers, and also from the pi|>e througli 
which the sediment is blown, as already described. They observed 
further, that while standing in the volume of steam issuing from 
the joint, and touching the boiler, these sparks were always much 
stronger than when the boiler was touched by a person not in the 
current of steam. In one or two cases, according to their account, 
when the current of steam issuing from the joint was very strong, 
the person exposed to it being probably partially insulated by 
standing upon the dry and warm brick-work surrounding the boHer, 
gave strong sparks to others out of the current on bringing Ids 
hands to theirs ; and once or twice they felt, under these circum- 
stances, something like a slight electrical shock, ttm^y be ob- 
served, that at this lime the weather was exceedingly nne and dry. 
It was not long before the engineer of the (olliery, Mr. Marshall, 
became acquainted with these circumstances, and his first feeling 
was to apprehend that the boiler was in danger of exploding, 
for, as he said, when there was fire on the outside of the boiler, 
he did not know what there might be within." He accordingly 
sent to Messrs. Hawks’s, of Gateshead, who built the boiler, for 
a person to examine it, and Mr. poliglitly, their manager in that 
department, went out on Wednesday, the 7th inst., for that pur- 
pose. He gave his opinion as to the safety of the boiler, and 
returned much surprised at the phenomena it presented. The 
singular circumstance of*a steam-boiler yielding electrical sparks, 
and giving shocks, now began to be noised abroad ; and my ii lend, 
Mr, Henry Smith, of New'castlc, who had hear(l the account 
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both from Mr. Golightly and Mr. Marshall^ wrote me a note ac- 
quainting me with the matter, and desiring me to go with him to 
see it, which I did on the 11th inst., and again on the following 
day, having with us the second time proper electrical apparatus. 
On our first visit, the boilers being unplugged and empty, we 
merely satished ourselves as to all the particulars of their setting, 
etc., already detailed. Next day, on our arrival^ we found the 
engine at work, the steam up to a pressure of thirty-five pounds 
an inch, and blowing off strongly at the joint in the boiler. The 
day was a little damp, but yet not unfavourabe, and we were in- 
formed on alighting that the indications of electricity were very 
faint and weak; however, we proceeded to our examination, of 
which the following is the result. — 

1. On touching the boiler with the blunt point of a penknife 
anywhere about tlie circular end, the weight or the safety-valve 
itself, with the steam strongly blowing out of the joint, but with no 
part of the person exposed to the volume of steam, no spark could 
be perceived whatever. 

2. On immersing one hand in the current of steam, and touch- 
ing the parts of the boiler already named with the point of a pen- 
knife held in the other, a very minute but distinct spark was per- 
ceived, and this occurred equally on all parts of the boiler, or 
safety-valve, within reach. 

3. By standing in the current of steam, so as to allow it to blow 
forcibly upon the person, the spark became larger ; it was then 
one-eightli of an inch long. 

4. On holding a large shovel in the current of steam with one 
hand, and touching the boiler with a penknife held in the other, a 
spark was obtained three-eighths of an inch long. 

5. The cap of a gold-leaf electrometer, the bottom of which was 

held in the hand, was aj)plled to the weight, the body of the 
operator blbig entirely out of the current of steam ; and no diver- 
gence wa’^roduced whatever. < • • 

6. The electrometer held in the hand had its cap applied to the 
weight, the other hand of the operator being immersed in the cur- 
rent of steam : strong divergence was immediately produced. 

From this it was evident that the electricity proceeded from the 
steam ; but as the boiler-house was damp, so that insulation by 
glass could not well be preserved, a copper wire was attached to 
the shovel already mentioned, the end of which wire terminated in 
the engine-house, some yards distant from the boiler-house, where 
was placed a table. I'hc shovel was held by Mr. Smith in the 
current of steam, with its edge about an inch and a half from the 
ajierture through which the steam issued, and the wire leading 
away from the shovel wa-i insulated by being attached to sticks of 
sealing-wax held by assistants. Mr. Smith stood on an insulating 
stool- 
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7. On touching a pith-ball electrometer, the threads of which 
were five inches long, with the insulated wire leading from the 
shovel held as mentioned, the balls diverged four inches with posi- 
tive electricity. 

8. The wire was a£tached to an insulated tin conductor, when it 
yielded sparks half an inch in length. 

9. A pointed wire attached to this conductor exhibited the brush 
of light a quarter of an inch long, which always attends the escape 
of positive electricity from a point into the air. 

10. A small jar was now charged so strongly as to give a rather 
disagreeable shock. By this time a large crowd of men, women 
and boys from the “ Pit Raw,” or pitmerfs residences near the 
colliery, attracted by the novelty and singularity of the circum- 
stances, had gathered about us, filling the engine-house and looking 
on with great curiosity and interest. A circle of sixteen of these 
men and women was formed, and they received together, much to 
their surprise and merriment, a powerful shock from the charged 
jar. This was several times repeated, the numbers receiving the 
shock varying each time from twelve to twenty. 

1 1. A stout card^was perforated by a discharge of the jar ; and 
cotton wrapped round the end of a copper wire and dipped in 
pounded resin, readily set on fire. 

12. When the edge of the shovel was made to approach the 
aperture through which the steam issued as near as three-quarters 
of an inch, very vivid and bright sparks of that length passed 
continually between it and the boiler. 

13. The second boiler did not discharge steam through any 
fissure, but on lifting its valve by the band it blew off in a strong 
current. Wlien the shovel was held in one hand in this current 
of steam issuing from tlic safety-valve,,and the boiler w'as touched 
with a penknife held in the other, a spark passed exactly, as under 
the same circumstances in tlje boiler subjected to the above 
experitnentsf 

From this it would appear that the steam of both boilers was in 
the same electrical condition. 

During the whole of^|hese experiments the engine was doing 
its work as usual, occasionally going and occasionally standing ; 
but no difference was observed in the electricity given off by 
the steam. 

I have been most careful to supply an exact account of the facts 
of this extraordinary, and, as far as I know, unprecedented case, 
but I do not offer any theory to account for the phenomena. It is 
hardly possible to suppose that there is any local peculiarity about 
these boilers, or the place where they are situated, to occasion the 
highly electrical condition of the steam produced in them ; and yet 
it is as difficult to suppose the fact of high-pressure steam being 
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electrical, a general one ; for if it were so, it could hardly, up to 
this time, have escaped observation. The conditions, therefore, 
under which steam becomes electrical require to be investigated, 
and it is not unlikely that the investigation may lead to important 
results. 1 am, Gentlemen, 

Your obedient Servant, 

H. L. Pattinson. 

Bcntham Grove, Gateshead, 

October 19, 1810. 

Ibid, 


LVII. — Specification of a patent ftr an hnprovement in Manu- 
facturing White Lead, Granted to Smith Gardner, city of 

New York, August 28, 1810. 

To all whom it may concern: Be it known, that I, Smith 
Gardner, of the city of New Yoik, in the state of New York, have 
invented an improvement in the process of manufacturing white 
lead, known to the cliemist under tlie name of carbonate of lead ; 
and I do hereby declare that the Tollowing is a full and exact 
description thereof 

The first part of my procedure consists in the treating of metallic 
lead by the well known process by which a pulpy substance is pro- 
duced, which is known to manufacturers under the name of subox- 
idc of lead. 'J'his process consists in the placing of granulated lead, 
or lead in fragments, in vessels lined with sheet lead, and contain- 
ing water, "fhese vessels nuiy be in a cylindrical form, and made 
to, revolve On their axes, like barrel churns, or they may have a 
reciprocating insteaci of a revolving motion ; and they may be, and 
have been, varied in form in different ways, the only essential point 
in their construction being that the lead contained within them 
mfiy be subject to continued attrition. Thus far, the process is 
indentical with tliat which has been adopted and followed in many 
manufactories, in which it has been attempted to manufacture 
white lead from the siiboxide of lead so produced. 

In these attempts it has been proposeOTo carbonate the suboxide 
of lead, by putting portions of carbonate of potash, carbonate of 
soda, or other carbonates, into the water with the lead undergoing 
attrition, it having been supposed that the alkaline carbonate would 
give up its carbonic acid to the oxide of lead, as said oxide was 
formed. Independently of the known affinities of the respective 
articles named, I have proved, by repeated experiments, on a large 
scale, that carbonate of lead cannot be produced in that w^ay. 
Another attempt to convert the suboxide of lead, obtained by tritu- 
ration, into white lead, has been by taking the said pulpy oxide, 
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agitating it in a vessel containing water, and tbrciiig u stream oi' 
carbonic acid, or of carbonic acid mixed with atmospheric air, 
through it. By this process a carbonate of lead has been produced, 
but in so iinperfect a manner, as to leave it destitute of all the es- 
sential properties of that article ; wanting the density, body, and 
freedom from colour, found in good white lead. In consequence 
of these defects, the attempts hitherto made to manufacture white 
lead from the suboxide produced by triturating fragments of lead 
in leaden vessels, under water, have proved abortive ; but, by a 
very simple variation of the process, I have succeeded in producing 
good white lead, which has been pronounced by judges to be 
equal to the best that is imported. 

As it was fairly proved that the suboxide would not combine 
with the carbonic acid, after said suboxide had been fully formed, 
I determined to vary the process so as to present the carbonic acid, 
in conjunction with a portion of atmospheric air, to the suboxide of 
lead in its nascent state ; and tiiis I have found perfectly effectual. 
In order to effect it, 1 triturate my lead with water in leaden cylin- 
der?, or other vessels, as above described, but, instead of leaving 
the vessels open, or perforating them, for the admission of atmos- 
pheric air, I make them close, by means of suitable shutters, or 
stoppers, which may be removed wliencver it is necessary so to do ; 
and during the whole time that the trituration is continued, I in- 
troduce carbonic acid, accompanied by atmospheric air, into the 
triturating vessels. When these vessels are in the form of hori- 
zontal cylinders, I pass the gases into them through hollow gud- 
geons ; a mode of construction and procedure well known to ma- 
chinists ; under other forms or modes of constructing my triturating 
vessels, I adopt whatever means I may consider tlie best for intro- 
ducing the gases within them. The result of this process is, that 
the nascent suboxide of lead presented to the oxygen of the at- 
mospheric. air, and to the carbonic acid, combines with them, and 
at once produces a perfect carbonate of lead, possessing all the 
essential properties of that article. 1 in general open each tritu- 
rating vessel once in about twelve ho.urs, to remove the carbonate 
of lead which has been formed within it. This may be done more 
or less frequently, according to circumstances. 

When the carbonate oMead thus manufactured, is first obtained, 
it generally has a light tinge of blue, but this disappears in the 
process of drying, and it is not important, therefore, to adopt means 
to prevent it ; I have found, however, that by introducing a very 
small portion of the vapour of vinegar in conjunction with the 
atmospheric air and carbonic acid, the white lead is at once obtained 
perfectly free from colour. 

The carbonic acid may be generated by the combustion of coal, 
or by the decomposition of carbonate of lime, or of otlier car- 
bonates. 
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Having thus fully shown the manner in which I conduct the 
process of manufacturing white lead, or carbonate of lead> and 
pointed out the difference in the process as adopted by me .from 
those heretofore followed, what I daim therein as of my invention, 
and desire to secure by letters patent, is, simply, the introduction of 
carbonic acid and of atmospheric air into closed vessels, in which 
fragments of granulated lead is subjected to long continued attri- 
tion in water ; the introduction of these gases biing intended to 
supply the portion of oxygen and of carbonic acid necessary to 
convert the nascent suboxide of lead into white lead ; by which 
means a perfect combination is effected, and the desired result 
attained, as herein set forth. Smith Gaadnbr. 


SpeciUcaiion of a patent for Manufacturing Carbonate and other 
Sails of Lead. Granted to Homer Holland, Westfield, 
ATassachusetfs, I^ovemher 3d, 1838. 


To all to whom tliese presents shall come : Be it known, that T, 
Flomer Holland, of the town of We&ttield, in the county of Hamp- 
den, and state of Massachusetts, have invented several new im- 
provements in processes for compounding, making, and producing 
pulpy compounds from Metallic'lead, and of converting said pulpy 
lead into sulphate and carbonate of lead for white pigments ; and 
also for making of said pulpy lead into chromate of lead, known as 
chromic yellow ; which special improvements in compounding have 
not heretofore been known or used ; and that the following is a full 
discriminating, and exact description of said methods, sufficient in 
detail to distinguish the same from all other processes, and to en- 
able any one skilled in chemistry to apply and use said improve- 
ments understandingly. The special improvements which I would 
describe and claim, consist, 1st. In using any alkaline saH, or 
substitute, in the moistening solution for the charge and chamber, 
or open headed cylinders, described and mentioned in my patent 
dated the 18th day of March, 1836, whose elements consist essen- 
tially of oxygen, carbon, and hydrogen, iuiany proportions, instead 
of alkaline carbonates, before recommend^ and employed, as they 
augment the electro-chemical action, increase the product, and 
modify and facilitate the combination of the elements wHh nascent 
pulpy lead, by their presence, di* catalytically. 

Acetates of lead, whether neutral or basic, also sugai*> and even 
dcohol, may be advantageously used in the solution, to moisten 
charge^ chamber, and pulp. . ’ , 

3d. In pulpy plumbic compound, produced M 

described in my said patent, for acetate and nitrikte of lead, or with 
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the catalytic additions with neutral chromate of potash or soda, or 
by dissolving the alkaline chromates in water, and using this chro- 
mic solution as the moistening of charge and chamber. 

The chronic pulj), after subsiding, may have most ol all the 
alkali withdrawn by decantation, and the remainder neutralized by 
washing with water, made acid by sulphuric or other acid. 

Tile commercial bichromates of potash and toda arc to be made 
neutral by the addition of suitable proportions of their respective 
bases. 

I'he economy of the above process, in making chromate of lead, 
is in substituting the plumbic compounds in their nascent state, for 
the expensive plumbic salts, acetate and nitrate, now usually cm- 
plo^X'd ill the manufacture of chromic yellov\ 

3d. In my said patent for oxidizing and producing lead pulp, 
although, in the in(*ipient stage of tlic operation, the lead may be 
an under oxide, the subsequent exposure, i’l tlic open-lieadcd 
chambers, to the continuous and conjoint action ol* the dements 
winch constitutes the atmosphere, water, and catalytic additions, 
together with tlie friction, and the known and established property, 
or capacity, which, all anetals, in a minute state of division, have 
of absorbing, dissolving,”* or combining with, all elements with 
wJiich th(‘y are in contact, constrains me to disclaim the opinion, 
that plumbic pulp, under any circumstances, ccji be considered a 
definite compound, and much less an oxide ; but that it is a com- 
pound of lead, into which the elements, hydrogen, carbon, and 
nitrogen, and their compounds, enter, as well as oxygen. 

By the foregoing explication of the pul])y plumbic compound, 
the following rationale of the modifications of the pulp, in convert- 
ing it into a perfect carbonate, or sulphate, will he apparent. 
After carbonating tiui pulj) with certain catalytic additions, artifi- 
cially, should there be any basic salt, it is to be removed by washing 
in an alkaline solution, boiling, particularly in making the sulphate 
of l«Kid, tlvi pulp must be boded to modify the plumbic hydrate by 
more highly oxydizing tlie pulp. 

The sulphate of lead is made directly fiom the pulpy lead, 
modified and oxydized by heat, while in its moistened state, by 
digesting it, in any cpiantity, with sulphuric acid of commerce, 
previously diluted with twice its measure of Wiiter, (more or less,) 
and suffering the acid thus diluted to become perfectly cold, previ- 
ous to adding the pulpy lead. 

It is necessary to boil the dilute sulphuric acid and pulp 
thorouglily together in a shallow leaden vessel, with rather an excess 
of acid, that the product may become a perfect sulphate; in this, 
great caution is requisite, o^lierwise the product will be, more or 
less, a mixture of sulphate, hypo-sulphate, or sulphanicle of lead* 



464 Mam^acinring Carbonate and other Salts of Lead. 

and its colour changed by mixing and painting in oil. Besides^ it 
will not be as dense, 6ne, and fusible. 

All the pigments should be thoroughly washed in several waters, 
and may be dried by the well known methods. 

The cylinders mentioned in skid patent, 1 now make about four 
feet in length, and thirty inches in diameter, wholly of lead, either 
sheet or cast, about one-fifth of an inch in thickness. The ends 
are entirely open, except an inner rim to retain charge and moisten- 
ing fluids, or solution, with forming pulp, and allow a free circu- 
lation of the atmosphere for its elements. 

They are mounted on an axis, passing through their centres, 
and the centres are of iron, with arms which are attached to the 
rims of each end of the cylinders. The rotations may vary from 
six to nine times a minute, and are moved by a drum and belt, or 
other gearing. The puljiy lead may be withdrawn every six, eight, 
or twelve hours. The medium charge is fifty pounds, and tlie 
moistening fluid, or solution, from three pints to three quarts, or 
more. 

I claim, 1st. The process and method of using the alkaline salt, 
carbonates, and other catalytic substitute?, as , hereinbefore men- 
tioned, in moistening charge, and chambers, described and men- 
tioned in said patent, in producing pulpy plumbic compounds ; 
and I do not intend to restrict their application and use to pulpy 
leads produced by revolving chambers alone, but to extend their 
application to the conipoumls of lead produced by other methods 
of friction, whether substituted, or adopted, to evade my chambers. 

2d. I claim making chromate of lead, as above specified and 
described. 

.W. I claim modifying the pulpy plumbic compounds above de- 
scribed for carbonate of lead, and particularly the processes de- 
scribed for making a definite sulphate of lead, by digesting, 
boiling, and washing, as above discriminated, and made plain and 
distinct. Homer Hollaw. 


Remarks by the Editor , — We have inserted the three foregoing 
specifications on the manufacturing of white lead, and of other 
compounds of lead, because the particular process upon which they 
are dependent, that of producing these compounds from lead com- 
minuted by trituration, has, of Jate, excited much interest, and 
been a subject of frequent inquiry. The first of these specifica- 
tions leads to the conclusion, that Mr. Holland supposed this pro- 
cess to be new in the year 1 836, whilst the fact is that it was the 
subject of a patent obtained by Josepli Bichards, of Philadelphia, 
in the year 1818. A manufactory was also established at Norris- 
town, Pennsylvania,^ in which the triturating process was em- 
ployed, and ^er essaying the thing for a considerable length of 
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time, the plan was given up. The white lead produced was defi- 
cient in body, and its colour was said not to be good. 

That Mr. Holland found the process of 1836 defective, is to be 
inferred from his patent of 1838, for improvements in it. We 
should be glad, however, to obtain his own account of this matter, 
as we might err greatly by detailing the information received from 
others. 

Mr. HollantVs second specification we think much more elaborate 
than clear ; had language more simple been used, it would have 
rendered his meaning more obvious to the great body, even of those 
‘‘ skilled in the art” We have ventured to insert, and to change 
a few words, where we thought that it might be safely done, but 
further than this we have not gone. 

On the 7th of June, 18.38, Mr. William Cumberland, of New 
York, obtained a patent for a process of manufacturing a white 
pigment, the specification of which we published in vol. xxiii. p. 

The patent obtained by Mr. Gardner is, it will be seen, for 
a particular variation of the process of oxidizing and carbonating 
the pulpy lead, and by which, he states, a very superior white lead 
is obtained ; and his statement has hfeen corroborated by others. 
We shall have something* further to say on this subject. 

* J ouruoJ of the I'rauklya Institute. 


LVIII. — On the course or path of the FAectric Fluid. „By Henry 
Diucks, Esq. 

Read before the Literary and PblosopbioaJ Society of Livci-pool, Nov. 16. 

AltlioughVe have two principal theories by either of which we 
may account for electrical phenomena, yet ns is well known there 
is no theory that is universally adopted. We prefer that of Du 
Fay of two fluids, the resinous and vitreous, whereas in America 
the Franklinian theory of a single fluid continues to be received. 
It is certainly a curious and remarkable fact, that this important 
point which appears to be at the very licad of our inquiry, in in- 
vestigating the nature of this exceedingly subtle agent, should 
have so long withstood every effort that lias been made to develope 
its operation ; and that with our expended means of pursuing this 
interesting investigation, philosophers should still remain divided 
in opinion. We agree that it *is the same agent which is at work 
in atmospheric, frictional, magnetic, voltaic, organic and thermo- 
electricity, The same data are taken up by the favourers of either 
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theory to prove their sever ai positions ; that influence o£ points is 
alike advanced to prove the existence of one and of two fluids. 
Franklin and all electricians after him, speak of the star and the 
brush, the former negative, the latter positive ; whereas Dr. Fara- 
day contends that under favourable circumstances, and especially 
in some gases, the negative and positive points both oflered the 
electric brush of light. We are all familiar wnth the experiments 
proposed as evidence of the existence of a single fluid, as the action 
of a flame between two balls, oite positively, the other negatively 
electrified, by whicli the latter becomes very much heated ; the 
stream of air produced when a point proceeds from a conductor.; 
tJie manner of charging the Leyden phial ; and especially that 
given by Mr. Lullin, when the discharge of a jar is made to per- 
forate a varnislicd card, between two points on either side, but 
half an inch asunder, by v/hich the point proceeding from the 
negative side invariably perforates the card, although a hole may 
have previously been made opposite the positive point, where a 
perforation does not otlicrwisc occur ; also tlie common discharge 
through a card placed agfiiust a charged jar, wliere a burr is pro- 
duced on both sides, bat more markedly if the card is set vertically 
betiveen the points of the universal discharger, when the burr will 
be found larger on the negative side where the positive electricity 
may he supposed to make its exit, and smaller on the positive side, 
the outlet for tlic negative or resinous electricity. The appearance 
by perforating bodies, might at first seem conclusive that there are 
two fluids, but it Ivjs occurred to the waiter, and may be worthy of 
notice here, in explanation of the double burr, though he has never 
met with any notice of a similar view of this subject, being taken 
by others, that, as the electric fluid is so rapidly excited by friction, 
pressure, and slighter causes ; the electric discharge itself, by its 
arliazing rapidity, may become the exciter of a quantity of the 
fluid previously latent, which brought into activity, a reaction may 
be thereby produced, and this whether tliere is one or two fluids. 
This seems to be both a reasonable and highly probable conse- 
quence. 

We liere have instances of the effects of tlic electric fluid, but 
can neither arrive at any conclusion respecting its nature, nor as- 
certain the direction of its course. As we might hope to arrive at 
something more conclusive by considering this latter point, which 
indeed is the main object of tlie present paper, we shall proceed to 
this more important inquiry. 

One known means of tracing the passage of the electric dis- 
charge is lliat made when thc|points of the universal discharger are 
placed an inch apart on a card, having a broad line paintecl on it 
with 'Vermillion, when the discliarge leaves a well defined irregular 
black line. Observation in this way, however, is very limited. 
We wish to arrive, for instance, at something definite whether 
there is one or Uvo fluids- and wo >vish to see in the path it takes 
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whether it passes right over, meets halfway, or pisses side by side. 
In short, what are the peculiarities exhibited by the discharge of 
the Leyden jar •* 

Dr, Faraday, in his most excellent and alaborate '' Rescarclies/* 
states that an ever present question on his mind has been, Whe- 
ther electricity has an actual and independent existence as a^fluid 
or fluids, or was a mere power of matter, like that we conceive of 
the attraction of gravitation. If determined d//itr waif” he adds, 
'' it would be an enormous advance in our knowledge,” Not only 
every experiment which has for its object the elucidation of elec- 
trical phenomena, but likewise the opinions of electricians may 
truly be said to be of extreme value. It is well, therefore, that 
Dr. Faraday has ]mt on lecord as w'cll in what he succeeded as in 
what he fliiled. The ill success of one mav suggest another course 
of experimental inquiry to some other worker in this prolific field 
of scientific research, and thus wc may hope gradually to develop 
many important results in connexion witli electrical science, from 
which, with good cause, we expect to reap many discoveries ot 
great practical benefits. 

It early appeared to me quite within the range of ))ossiI)ility to 
render this active flrdd a 'tell-tale, as it were, of its own progress, 
especially in conducting the cfischargc of the Leyden battery. I 
felt convinced of this from wliat has already been noticed of the 
piercing of cards, the black line left on a vcrmillion coloured card, 
and also from the markings left on the inicoatod glass by the 
spontaneous discharge of an overcharged jar. But my object was 
to obtain evidence on a larger scale, and of a more conspicuous 
character. 

My first experiments were made with a piece of window glass 
four inches square, smeared on one side with a mixture of flowe'i’s 
of sulphur and white lead ground together with gum water, laid 
evenly on the glass and dried. When 'placed against the side of 
the I-eyden jar, the charge may be passed over it by using the 
discharging 7od, in which way a* dark brownish line two or three 
inches long, having a circuitous course, is easily produced. 

Not satisfied with this result I at length adopted a plan which 
successfully affords an interesting illustration of the path of the 
electric fluid through a considerable space, varying with the quan- 
tity of charged coated surface. From 18 inches to 2 feet is easily 
obtained with a gallon jar, or battery of equal capacity, provided 
the electrical machine is in good working order. The means of 
effecting this will appear very simple, though the conditions requi- 
site for its success are not so obvious as might at first appear. 
Take a broad oblong plate of glass, place under it a sheet of white 
paper, then by striking a fine hair-sieve containing iron filings, let 
fall on the glass an equal distribution of the filings until they com- 
municate a dark-grey shade over the paper. The glass so prepared 
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is to be placed in the line of communication for making the dis- 
charge. When this is done with the white paper under the glass, 
the result is most conspicuous, beautiful, and interesting. The ap- 
pearance that Instantly follows is something like a map of a ser- 
pentine river, with oflten small branches issuing out in many 
streams at some of its principal windings and again running into 
the main branch. Throughout the tortuous course of this passage 
the iron' filings are swept away to the breadth of one-eighth to a 
quarter of an inch and upwards by the rapid transit of the fluid, 
wdtl) as much neatness and precision as if carefully removed by 
some process requiring extreme care and delicacy of manipulation. 
Often a few grains form an irregular central line. If a short piece 
of crooked wire in the form of a ring, arch, or helix, be placed in 
or a little out of the direction of the fluid, it is made part of the 
circuit, and the filings are not disturbed if any arched form or 
immediate connection oilers a more perfect conductor. On shaking 
the filings off the glass no trace appears to remain, until breatlied 
upon, when a clear thread like line, having a slight dark colour, 
becomes distinctly observable.* 

The success of this experiment seems to depend on a peculiar 
arrangement, and the best 1 have found, ir to have the Leyden jar 
placed on the edge, and touching the: filings at one end of the glass 
plate ; ii perpendicular rod of thick wire being at the other, from 
the top of which, a connexion may be made (by a discharging rod,) 
with the ball of a Leyden phial A full charge is requisite to make 
a good marking of the path, and the filings should not be too 
thickly spread, otherwise the electricity pasi:es over in flashes ; a 
communication, too, should be made between the outside of the jar, 
and some good conductor. The vertical pillar at the further end of 
tlje plate, hjis been formed to answer wdien long thin bent wires 
proved quite ineffectual. 

It is only to be regretted that this beautiful experiment leaves 
the subject still open to enquiry ; but this may be one step, which, 
in other hands, may be made serviceable in obtaining gr^sater i;^sults. 
I cannot pass over, in this place, mentioning a very easy means of 
tracing, and so registering, the several experiments m^e at each 
discharge. This is done by taking the glass, strewed with filings, 
and having a marking which is to be copied ; on each end or down 
each side place a thin lath, on this lay another, but of plain glass of 
equal size, over all place a slip of paper long enough for a tracing. 
Now, rest the glasses between two tables set apart, or between two 
flat bars of wood, resting on a’ table, and in such a situation, that 
a small lighted candle placed on the floor, will throw the shadow of 
the filings up through the glass on the back of the paper. There 
being no other light in the room, this is easily done. Ur by giving 
a coating of thick glue to cartridge paper ; this, if carefully man- 
aged, would take up the filings oft* the glass, and show a reversed 


« A description of the apparatus will be seen at (he end of the article. 
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specimen of the electric path. In this way I have taken the filings 
and preserved the figure made by the magnet. 

Another experiment^ too interesting to be omitted, was performed 
with a few sheets of strong p|inting paper, stitched like a pamphlet. 
In the first experiment made with this, it was laid on the table of 
the universal discharger, and the balls being removed, the blunt 
pointed wires were placed on the paper, an inch and a quarter 
asunder ; the discharge of a very large jar, slit the paper, giving 
it the form of two small folding doors. With a mixture of equal 
parts of flowers of sulphur, and red lead, the face of the upper and 
three lower leaves were strewed over. The result on making the 
discharge was not always the same — thus 

Ex. 1. In a passage of one and a quarter inch, the positive end 
was harmlessly passed over for more than one- third, leaving only 
a dark line on the top leaf; from hence to the negative end, the 
paper was ripped open, the cut being in shape like the letter H. 
On examining the lower or second leaf, the remaining two-thirds 
of the passage, that is, the horizontal line of the H., presented a 
broad black marking, which had struck also to the under side of 
the upper leaf. The Jthircl leaf was untouched. 

Ex. 2. This was precisely tRc same as the foregoing, with the 
exception of being a shorter path, and more violently torn, so that 
the rent, formed a very oblong II., and the positive side was unin-* 
jured for near half way. The remaining half, which* we call the 
negative side, showed a broad black band on the face of the second 
leaf. 

Ex. 3. This passage was remarkable from the paper being 
pierced on the positive side, clear of the rent beyond it, which was 
of a very imperfect H form. The paper was unmarked*and unin- 
jured for a quarter of the path on the positive side, at the end of 
this the paper was pierced with a small hole. On the second leaf, 
a round black spot occurred, corresponding with this terminus of 
the positive side, and at the negative end where the rent begins, 
there was another black spot or star, both connected by a straight 
cut in the paper not discoloured, and branching off* right and left at 
the negative end, in form like a T. The third leaf not marked. 

Ex. 4. Here the passage from the positive was marked one- 
third with a faint line, at the end of which a small hole appears, 
and another hole at the commencement of the negative passage, 
without tearing the paper. On tha second leaf these holes have 
corresponding black perforated spots, and en the third leaf there is 
a broad black mark, with a corresponding one on the upper side 
of the leaf above it. These black marks are all very like the re- 
presentation of mountains in a map, and have a white band running 
through their centre. 

Here, as in Mr. LuIIin’s experiment, there is a tendency on the 
negative side to enter the paper, although its] surface is covered 
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a conducting substance. There is more violence, toa> on this 
side, where indeed we have a disruptive discliarge. These experi- 
ments are on many accounts exceedingly interesting. It would 
appear as if the positive or vitrious electricity had greater velocity 
than tlie negative, tliat the two elcctncities meet at this point, and 
uniting cause an explosion, followed in this instance by a chemical 
eilfect^the production of a sulphuret of lead, whiqh marks only the 
.remaining two-thirds of the path. This, if correct, would seem to 
offer some modification in the remarks Dr. Faraday makes on the 
oinurent — he says, It is a most important part of the character of 
the current, and essentially connected with its very nature, that it 
13 always the same. The two forces are every ivhere in it. There is 
never one current of force, or one fluid only. Any one part of the 
current may, as respects the presence of the two forces there, 
be considered as precisely the same with any part ; and the nume- 
rous experiments which imply their possible separation, as well as 
the tlieoretical expressions which, being used daily, assume it, are, 
1 think, in contradiction witli facts.** What he next adds is too 
remarkable in eonnexiou with our experiments not to call for spe- 
cial notice. “It appears to me to be as impossible to assume a 
current of positive or a current of negative^ force alone, or of the 
two at once with any predominance of the one over the other, as it is 
to give an absolute charge to matter.*’ (ll[)27-) The establislirnent 
of this as a^fact or its disproof he justly considers of the utmost 
importance. 

We might almost be inclined to inquire in reference to the elec- 
trical experiment from the consideration of which we have digressed. 
Has the resinous electricity a tendency downwards, and the vitreous 
a tendency upwards ? Or, has the latter greater velocity than the 
•former } »Or do these experiments at all prove “ that ihe centres 
of the two forces (or electricities), or elements of force, can be 
separated to any sensible? distance ?** 

November, 1 840. 

Fig. 2, plato vi., Shows tho arrangement of apparatus for n^ikiiig a^,1ong path 
through iron filings. A, the Leyden jar; B, a glass pillar mounted willi a wire 
supporting tho metal bar C, 1). A, I), B, a plate Of glass strewed over with iron 
filings. C, K,F, tho discharging rod by which to complete tho connexion in 
making the discharge. 

Fig. 3. A, B, 1), tho glass plate and tilings displaying the path of the electric 
fluid. A, the negative end, B, the positive. 


LIX.-;— Electro-Magnetic Forces. By J. P. Joule, Esq, 

67 . T have in my last paper described a method of constructing 
the electro-magnet which is attendetl by great results. The few 
additional experiments which I hTave now the pleasure of submit- 
ting to the readers of the “ Annals/' are, I think, confirmatory 
of the principles before advanced. 

68 , A piece of stub iron was (as in the manufacture of gun bar- 
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reh) formed into a spiral and welded on a mandril into tlu? shape 
of a thifck tube, by which process the iron u^as rendered very com- 
pac't and sound throughout This, and another piece of iron which 
was intended for an armature, were planed, turned, and fitted with 
eye hole screws in the manner that 1 have previously described 
In fig. 1, pi. vii. C. represents the electro-magnet, the ar- 
mature, and A* B. a conductor of copper rod or wire pas'^ing along 
one side, reaming by the axis, and then away by the other side, 
so as! to go about the whole once only, and in a shape somewhat 
similar to that of the letter S. The length of the electro-magnetic 
cylinder is two feet; its external diameter is 1’42 in., and its inter- 
nal, 0"5 in. ; the weight of the iron of the, magnet, with the screWs, 
is 6 lbs. 11 oz.; that of the* armature 3 lbs. 7 oz.; and the least 
sectional area of the magnetic circuit (49), lOj squcire inches. 
This electro-magnet, in order to distinguish it from the rest, I call 
No. 5. 

69 . A copper rod, J of an inch thick, \vr.s covered with a ribbon 
of cotton, and bent about the cylinder as I have just described. 
The electro- magnet and its armature wTre then secured, by moans 
of cords passing through the eyehole?, to strong pieces of iron 
affixed to the levers^ (4ii). A battery consisting of eight of the 
cast iron cells (()()), each of which prerentod an elfectivc surface of 
two square feet, was arranged as a single pair, and, in connection 
with the electro-magnet, iiiduced a lifting power of about 1 350 lbs. 

70. Being aware that a bundle of thin wire is a nmeh better 
conductor than a rod of the same weiglit and length, I removed 
the copper rod and substituted for il a bundle, consisting of (iO 
copper wires, each l-2oth of an inch thick. With this arrangement 
it was found that cast iron batteries, in a scries of 2, produced 
a lifting power of 18.)(i lbs., or 1S3 time.s the weight qf iron em- 
ployed in both the magnet and its armature. 

71 . Now, by dividing the power thiiS obtained by the least sec- 
tional area of the magnetic circuit upon which it is induced, we 
have a specific power of 161, whfch is only two-thirds of that v^hich 
a comparison with other electro-magnets would lead us to expeett 
This deficiency is, I think, mainly owing to the very small relative 
quantity of conducting metal about this (No. 5) electro- magnet, a 
deficiency which demands a proportionate increase of l 3 attcvy 
power, in order to produce the same effects. I’liis, with the diffi- 
culty of making the weight bear evenly on every part of so long a 
cylinder, may, I think, sati.sfy us that, if every circumstance were 
strictly attended to, its maximum fifting power would obey the 
general rule. 

Having suspected that ffhe extreme power of the large electro- 
Hf had. not been attained in my last experiments, on 

Boptomber, Vnl. Ci, p. J90. 

t Table 4, Aunals, V ol. 5, p. 193, 

J For a^^description of this electro-nia^et, see (39), V 0 I..O, p. 190. It has 
\ ' 3 M 
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account of the imperfect insulation of its coils (45jj I was deter*' 
mined to try it again, and to use every precaution which was calcu^ 
lated to develope its magnetism to the full extent The old wire 
was removed, and 2 1 copper wires l>25th of an inch thick, and 23 
feet long, were bound together by cotton tape. This was wrap]^d 
on the iron, which had been previously insulated by a piece of 
calico. 

73. Sixteen cast«iron cells, of the same size as those previously 
described, were^then arranged in a series of four, and connected by 
sufficiently good conductors to the electro-magnet The power 
which was then necessary to break it from its armature was 2775lbs., 
or nearly a ton and a quarter. An immense weight, when it is 
considered that the whole apparatus, magnet, armature, and coils, 
weighs less than 261bs. 

74. Now by the formula x = 280 n (51), we have 280 X 10= 
2800 for the greatest lifting power of this electro-magnet, or only 
25]bs. more than that actually found, which cannot but be con- 
sidered as a striking proof of the accuracy of the general principles 
I have before advanced (49). That the saturation of the iron was 
very nearly effected, appears from the fact that the quantity of 
electricity used above, was fourtimes as«great as that which was 
competent to make the same electromagnet carry 19 ewt 

75. Although tlie battery that I have used for obtaining maxu 
mum effects is very powerful, a very good lifting power may be 
attained by means of a very small voltaic arrangement. For in- 
stance, No. 1 can carry 8 cwt when the current generated by 3 
single pair of 4-inch plates of iron and amalgamated zinc, is passed 
through its coils ; and with single plates of platinized silver and 
amalgamated zinc, exposing only two square inches of surface, the 
attraction is^uch as to require the utmost force I can exert, even 
to slide the armature. 

• 

Broom Hill, near Manchester, NoTember, SOrd, 1840. 


Errata in Mr. Joulds paper on Electro^ Magnetic Forces.-^ 
Vol. 4, p. 478 , table 4, for 16*6 read 1*66. Vql. 4, p. 481, line 25, 
for considerable read considerably. Vol. 5, p. 196 , table vii., for 
26 and 1 1 read 2*6 and 1 * 1 . 


been prtsbnted to the * Rojal Vietorio Gallery” pt Manebester, wherf tfltitiU 
remalni on fzbibition. ' 
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BRITISH ASSOCIATION PROCEEDINGS 

AT GLASGOW, 1840. 


Dr. Playfair "On a New Fat Acid.”— Dr. Playfair bad examined 
eome of the vegetable fats, for the purpose of ascertaining whether the 
margaric acid contained in them possessed a constant composition. He 
remarked that the acid in the butter of nutmegs was peculiar, arid had 
not formerly been examined. Pelouze and Bondet have stated in the 
Annales de Chimie, that it is margaric acid. Dr. Playfair considered 
that the radicals of screcic and cenanthic acid were similar; in the 
former, however, one equivalent of hydrogen is replaced by one equiva- 
lent of oxygon. It is a beautiful white crystalline compound melting 
at 49® C., and is soluble both in alcohol and ether, he combination 
of the acid with oxide of glyccril, exists in the butter ; it unites with 
metallic oxides and forms salts: these were described, but the results 
are not susceptible of analysis, as they were principally numerical. 
The formula of the aaid is»C II 0 . 

. 2S • 54 3 

Dr. Etiling " On the Iiidentity of Sjiiroilous and Saliculous Acid." 
— The oil discovered by M. Pagenstecher, and obtained by the distil- 
lation of the spiresa tibnaria, has already attracted considerable atten- 
tion. Dr. E tiling liad analyzed it previously to the appearance of M. 
Piria’s valuable paper on Salicyl. The oil decomposes into two oils on 
keeping, one of which is specifically lighter, the other heavier than 
water. Dr, Ettling discovered that the latter possessed the same com- 
position as hydrated benzoic acid. The action of aminonSa on;the dil 
gives rise to some new interesting compounds. In order to obtain these 
compounds it is iiidifierent whether saliculous or spiroiloiis acid be 
employed. The final product of the action of ammonia upon these, is 
the amide ofcsalicyl (salicylamide/). This body evidently belongs to 
the class of amides, for it does not evolve ammonia, on the addition 
either of potash or of acids. • The cause of its formation is as follows : 
three atoms of saliculous acid unite with three atoms of ammonia, and 
form saliculite of ammonia, whilst three of hydrogen and oxygon com- 
bine together and form water. This salicylainide unites with copper, 
iron, and lead, forming compounds. 

Professor Liebig "On Poisons, Contagions, and Miasms.*’— Dr. 
Playfair stated that he had prepared, at the request of the author, a 
statement of Professor Liebig's new views on the. subject of poisons. 
Poisons might he divided into two classes, those belonging to the inor- 
g;anic and organic kingdoms. Many substances were called inorganic 
poi^ns which had in reality no claim to be considered as such. Sul- 
phuric, nitric, and muriatic acid, when brought into contact with the 
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animal economy, merely destroyed the continuity of the organsj and 
might be compared, in their modus operandi, to the action of a he&^ted 
iron, or a sharp knife. But there are others — and these are the true 
inorganic jioisons — which entered into combination with the substance 
of the organs without effecting any visible lesion of them; Thus it is 
known, that when arsenious acid or corrosive sublimate is added to a 
soluiiou of muscular fibre, cellular tissue, or fibrin, these enter into 
combination with them, and become inj?aluble ; when they are intro- 
duced into tlie animal organism the same circumsiaiice must happen. 
But the bodies formed by the union of such poisons with animal snb-‘ 
stances are incaj)able of putrefaction ; they are incapable, therefore, of 
cfFecling and suficring changes; in other words, organic life is de- 
stroyed. 'rhe liigh atomic weight of animal substances explains the 
cause of such small cpianlities being reqnisit() for ]»rodr,cing deadly 
oflTects. After stating several chemical details on this subject, it w'as 
shown that, to unite with 100 grains of fibrin, as it exists in the human 
body, (in which it is conibiiu-d witli 30,000 ]nirls of water) only 
grains of arseuioi* acid are iiocossary, or C) grains of corrosive .subli- 
mate. Tlie second class of poisons w'ere those belonging to the organic 
kingdom. For some such substances as brucia and strychnia, no data 
e.vist by which it can he determined to what cause their action may be 
assigned. But the morbid jioisons, such as" ])iitftd animal and conta- 
gious matter, appear to owe their action to a peculiar agent, which 
exerts a much niorv general and powerful action than chemists are 
aware of. i’luis, w'lieu oxide of silver is thrown into peroxide of 
hydrogen, tlie oxide is reduced, and metallic silver remains. Here 
llien^ can be no afiluity, for oxygen can have no affinity for oxygen. 
It morel V that a body in a slate of motion or decomposition is 
c<ip:‘,b!fi of inducing ujion or imparting its own state of motion or de- 
composition to any body with which it may he in contact. There is 
a disease frecpienily produced in Geriiiany by using decayed sausages 
as an unicle of food, 'fhe symptoms attending the disease are re- 
markable, and diriiinclly indie Ue its cause. The patient afflicted with 
the dis(‘ase heconnjs much emacia led, dries to a complete mummy, and 
finally dies. The muscular fibre and all parts similarly ccwqposcd j^lisap- 
jicar. The cause of this evidently is, that the slate of decomposition, in 
which the component jiarts of the sausages an*, is communicated to the 
constituents of the blood, and this state not being subdued by the vital 
principle, the disease procec Is until death ensues. It is remarkable 
that the carcases of the individuals, who have died in consequence of 
it, are m't subject to putrefaction. The cause of the action of con- 
tagious matter is similar. It is merely a gaseous matter in the state 
of transform atiou, and capable of imparting the state of transposition, 
ill which iLs atoms are. to the elements of the blood. It is capable oi 
being reproduced in the blood just as yeast causes its own reproduc- 
tion in fennouting mort. The causes of the action of yeast aij.d pf 
contagion were shown to be the same, and examples were produced in 
which similar reproductions take ])lace in common chemical processes. 
There are two kinds of yeast used in the brewing of Bavarian beer. 
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The ferm^ntalion caused by one is tumultiiou'^ ; that produced by the 
other is tranquil. They, therefore, induce the peculiar state of irans- 
jiositiou in which their atoms are upon the elements of the sugar. 
The same was shown to be the case with the vaccine virus of cow and 
human small-pox, of which, one produces a violent action upon the 
constituents of the blood, whilst the other causes a gentle action quite 
distinct from the former. 

Professor Hannay said lie could not exactly coincide with the views 
proposed regarding the action of inorganic poisons, as he was con- 
vinced the cause of their virulence was owing to something further than 
iheye combination with the animal membranes ; nor could he coincide 
in the comparison brought forward by Dr. Playfair, that pulpliuric and 
oxalic acids merely acted like a healed iron, by destroying the Gon- 
linuity of particular organs. He tliought that through the course of 
the inquiry chemistry had been too much kej>t in view, and tlnit medi- 
cine had not be(m sufficiently consulted. It was singular to see us 
brought back to the time of Hipjaicrates, who also had affirmed that 
contagious matter was a kind of yeast acting in tin; blood. Dr. IMay- 
f’air explained tliat Professor Liebig expri‘ssly slates in bis re])ort, that 
this subject cannot be completed without the co-operalioii of ]diy.sio- 
logists; that he had^^ ther/ifore inendy brought forward the purely 
chemical ])art of the inquiry, and hoped ilu'rebv to draw the allcntion 
of ])hy siologists to its furtluu’ invcsligalion. riij)j)ocrales had certainly 
compared the action of yeast wdih that of contagious matter, and the 
coinpurison w'as so ajit that it could scarcely bo avoid(‘d ; but the merit 
of Liobigfs \icws is, (bat ho has (jxplaiiiod the action of yeast, and 
shown that it is owing to a peculiar ageiil winch has hillu rU) esca]>cd 
altcnlioti, but which plays a very impovlaul part in the plienomoua of 
combination and decomposition. 

ruOF. rORBKS IN THU CHAIR. 

On the Occomjmilio}} of Glim, By J)avii> Bricwstkr. 

There is subject more ciirioris or more instructive than the dis- 
integration of cry.slallized and uncvystallizc’d bodies, either by the 
direct influence of chemical agents, or the slow process of natural de- 
composition. At the Edinburgh Meeting of the Association, I sub- 
mitted (said Sir David) to iliis Section a brief account (which has been 
since published in an enlarged form in the Edinburgh Transactions) 
of remarkable optical phenomena p»'oJucpd by tlie instantaneous action 
of water and other fluids on crystals, and on ihe’r subsequent decom- 
positioti when placed in their saturated soliuions. Since that time 1 
have had occasion to examine the phenomena of decomposed glass, 
both of that which is found in Italy, of which I have received the 
finei^spccit^iens from Mrs. Bucklaiid and the Marquis of Northamp- 
ton, and of other specimens recently found in making excavations 
amrihg the ruins of the Chapter-house of the Cathedral of St. Andrew’s. 
In decomposed glass, the decomposition •commonces in poinis, and 
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extends itself either in planes so as to form thin films, or in concentric 
coots so as to form concentric films. When the centres of decomposi- 
tion are near each other, the concentric films or strata which they form 
interfere with each other, or rather unite, and the effect of tins is, that 
the glass is decomposed in film of considerable irregularity, their sur- 
faces having a finely mammillated appearance, convex on one side and 
concave on the other. The films thus formed are of extreme beauty, 
and afford, by transmitted light, colours of infinite beauty and variety, 
sui-passing anything produced in works of art. They have the effect 
of dissecting, as it were,' the compound surface of the solar spectrum, 
or of sifting and separating the superimposed colours, in a manner an- 
alogous to what is produced by coloured and absorbing media. I have 
succeeded, indeed, in producing one or more bands of white light in- 
caj)al)Ie of decomposition by the prism; and there can be no doubt 
that they will be found to exercise a similar or an analogous action on 
the leading rays on the ihcrmometric spectrum. In the decomposed 
glass from St. Andrews, a change of a very different kind is effected. 
Ill some cases the siliceous and metallic. elements of the glass are se- 
jiaiatcd in a very singular manner, the particles of silex having released 
llieraselvcs from the state of constraint produced by fusion and subse- 
quent cooling, and arranged themselves circularly round the centre of 
decoin])osilion ; while the metallic particle^, wh^h are opaque, have 
done the same thirg in circles altcrnalihg with the circles of the silice- 
ous particles. This restoration of the silex to its crystalline state, i^ 
proved by its giving the colours of ).)olarized light, and possessing an 
axis of double refraction. — The notice was illustrated by diagrams and 
specimens of the different kinds of^lass referred to. 

Prof. Forbes observed that few persons can form any correct concep- 
tion of the total amount of the value of glass used in the various optical 
instruments, on the correct action of which so much depended. Whe- 
thor the dccoofiposition which Sir David Brewster had now brought 
under notice, arose from the action of the atmosphere, or from inter- 
inolcciilar action, as Sir David Brewster seemed to think, or from some 
original defect in making or annealing the glass, it was of the utmost 
consequerce. Dr. I raill had given him a specimen o6 a piftce of 
plate glass manufactured near I.iverpool, which, when polished, proved 
to be filled with fissures and fiaws in the interior ; and he infonned him 
that the manufacturers had no means of ascertaining the defect, which 
frequently occurred, until tliey had gone to the expence of polishing 
the plates. — Sir David Brewster said, that the value of the glass em- 
ployed in philosophical instruments was indeed incalculable, and that 
the most valuable glass articles manufactured by Frauenhofer,* of 
Munich, seemed to bo ])eculiarly liable to some superficial decomposi- 
tion of this kind. A prism of this glass in the Observatory of Paris 

*M. liUnontt Uie Frofessor of Asti-onomy at Manicb, who is in the constant' hahit of using ' 
Frauenhot^v's glasses, was not present at this conversation ; but he afterwards informed Sir 
David Brewster that tliere was an easy and cfTeotual 'remedy for this tendency of Franenhofer's 
glass to deteriorate on the surface, which wa«, to rub it frequently with the fitter parts of vhitihg . 
prepared by elaborating a mass of whiting in water, the fine powder to oe dried and used on 0I4 
£oa linetn : 
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had become absolutely black. A prism belonging to bimself had be- 
come quite blue on the surface, although as yet its action on light was 
not effected. The large object glass of the principal telescope in tht^ 
Observatory of Edinburgh had began to show decided symptoms of su- 
perficial decomposition ; and many other instances also could be men- 
tioned. He considered it of the utmost im})OTtance that a remedy 
should be discovered and applied. — Frof, Forbes mentioned some in- 
stances of this kind of decomposition taking place in telescopes on the 
continent, which showed that it was nothing peculiar to our climate. — 
Sir David Brewster did not think it arose from atmospheric action at 
all, but from some mutual action of the particles of glass themselves.-* 
Prof. Forbes, Then why is it confined to the surface ? why does it not 
pervade the mass of the glass ? — Sir D. Brewster, Because at the sur- 
face the particles have more freedom than within ; and if the new com- 
pounds are larger than the glass itsdf, then they have power to expand. 


Oh the Rings of Polarized Light produced in sjKcimens of Decom- 
posed Glass, By Sir David Brewster. 

In the course of a scries of experiments On the Connexion be- 
tween the Absorption of Light and the Colours’' of thin plates, pub- 
lished in the Phil. Trans. 1837, I accidentally observed under the 
polarizing microscope certain phenomena of polarized tints of great 
beauty and singularity. These lints were sometimes linear and 
sometimes circular, and in some .specimens they formed beautiful 
circular rings traversed by a black cross, resembling the phenomena of 
mineral crystals, or those produced by rapidly cooled circular plates or 
cylinders of glass. Having found in the decomposed glass from St. 
Andrews that the siliceous particles had resumed their position as re- 
gular crystals, and arranged themselves circularly round the centre <)f 
decomposition, I was led to suppose that this was the cause of the 
phenomenon, and that. the rings ^ere the effect of the double refrac- 
tion of the minute crystals. A few experiments, however, overturned 
this hypothesis, and I was soon satisfied, by a little further investiga- 
tion, that the ‘^phenomena arose wholly from the polarization of the 
transmitted light by refraction^ the splendid colours being entirely 
those of thin plates, which were sometimes arranged so as to have the 
appearance of concentric rings. The structure by which these effects 
were produced, was compared by the author to a heap of very deep 
watch-glasses laid one above another. When the thin films were 
arranged longitudinally, and were inclined to the general surface of 
the plate, so as to transmit the rays obliquely, the light was still 
polarized, but only in one plane — namely, a plane perpendicular to 
thd plane of incidence. When a drop of n^a/^r or oil was introduced 
' letween the films, the phenomena of polarization as well as of colour 
btantly disfappeared. (This naper was illustrated by coloured 
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On the action of Nitric Acid on the Chlorates , TodaieSp and Bromaies 
of Potassa and Soda, By Prof. F. PENNVr 

The present communication contains the details and results of some 
experiments undertaken with the view of obtaining additional confir- 
matiou of the correctness of the autlior*s researches on ecjuivalent 
numbers. In this ho has been disappointed, as the action is attended 
by circumstances which render it inapjdicable to so delicate a purpose 
as the determination of ocpiivalent numbers. The results, however, 
that he has obtained are new, and he considered them of suiBcient 
interest to be worthy the attention of the Section. In order to examine 
the action of nitric acid upon chlorate of potassa, a known weight of 
the salt was mixed in a retort witli a measured quantity of the acid, 
and the mixture heated on a sand bath ; ad soon as it became warm, 
chlorine and oxygen were evolved in a state of mixture and not of 
combination, and the chlorate slowly disappeared. The solution was 
then evai)orated to dryness, and the saline residue was found to be a 
mixture of hyperchlorate Jind nitrate of potassa, in the proportion of 
three eqiiivolcnts of the latter to one of the former. The author ex- 
pmsses the reaction that takes place as follows : — 

4(K.|-CUl-0 ) and 3(NH-0 )=(K.|-Cl.|-0 ) and 3(K.|-N^|-0 ) and 
« 0 6 
Cl anti Q ' 

a 13* 

The action of nitric acid on chlorate of potassa differs, then, from 
the action of sulphuric acid on the same salt. With nitric acid the 
salt is decomposed tranquilly, and the chlorine and oxygen liberated 
nncombined, whereas with sulphuric acid these gases are evolved in a 
state of combination, forming tlial dangerously explosive compound, 
chlorous add. Nitric acid is therefore to bo preferred for the prepara- 
tion of byi^cr-chlorate of potassa, as with it tho operation may he 
copducted without those violent detonations that are so apt to occur 
with sulphuric acid. Tho action of uiliic acid on chlorate of soda is 
the same as upon chlorate of potassa. The chlorine and oxygen 
set free are in a state of mixture, and every four atoms of chlorate 
yield three of nitrate and one of hyper-cblorate. The l^yper.. 
chlorate of soda is a very soluble salt, and crystallizes in^ small 
rhombs. It is readily decomposed by heat, but is unacted upon by ‘ 
hydrochloric acid. It deliquesces by exposure to the air. The 
action of nitric acid on an iodate is very different from that on a 
chlorate, and is well illustrated in the case of iodate of potassa. 
When iodate of potassa is boiled for some time with a large excess v 
of nitric acid, it is decomposed into potassa and iodic acid, t^e 
potassa combines with its proportionate quantity^ of nitric acid/ 
forming the nitrate, and the iodic acid is deposited from the aointion 
in minute, hard, and transparent crystals. If the acid ^lotion of 
nitre, containing the iodic acid, be then evapora&d, a reaptit^h takes 
place; the iodic acid decomposes half of the nitre/* its j 

nitric acid, and combines with the potassa, forming the 
This change is completed when the mixture is dry, ahdif the 
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be then withdrawn a definite mixture of biniodate and nitrate is 
obtained. If the heat be continued, a still further change occurs, 
the ipdic acid expels the whole of the nitric acid, which is evolved 

nitrous acid, and oxygen and neutral iodate of potassa remain. 
By adding a fresh portion of nitric acid to this iodate, the same 
changes may be produced by a proper regulation of tike temperature. 
By acting upon iodate of soda with nitric acid. Prof. Penny has obtain- 
ed a biniodate of soda, and by adding a considerable excess of 
of iodic acid to a solution of iodate of soda he has found a teriodate 
of soda. Both of these salts are anhydrous. The biniodate of 
potassa contains one atom of water. He also finds that crystals of 
iodate of soda contain difierent quantities of water, according to 
the . strength of the solution from which they have deposited. From 
a hot and strong solution of this salt crystallzies in acicular tufls, 
and these crystals contain two atoms of water. If the solution be 
rather weak, long four-sided prisms arc obtained, and these con- 
tain six atoms of water. a solution of iodate of soda be evapo- 
rated spontaneously, large irregular prisms deposit, and these con- 
tain ten atoms of water. They effloresce rapidly by exposure to 
the air, and lose in this way eight atoms of water. The action of 
nitric acid upon bromate;»of potassa was next examined, and was 
found to differ remarkably from the actions of this acid on the 
chlorate and iodate. Neither hyper-bromate nor bibromate is pro- 
duced, but merely nitrate of potassa. The nitric acid sets free the 
whole of the bromic acid, and this, at the moment of its liberation 
is resolved into its elements, bromine and oxygen. In conclusion, 
the autlior remarks that the action of nitric acid on these three 
classes of salts affords a ready method of distinguishing them from 
one another. 

On the tests for Sulphuric Acid when thrown on the Per^n, By R. 

D. Thomson, M. D. 

' * 

The object of the author was to discuss the accuracy of the 
modes t)f testing sulphuric acid when employed for qj^iminal pur- 
poses, abd especially when thrown on the person. A case had 
lately occurred to Iiim in praett^, and which was brought before 
the last sessions of the Central Criminal Court, which proved that 
the mode of determining the presence of fi'ec acid by mere testing 
was by no means satisfactory. A woman in a fit of rage threw a 
Quantity of oil of vitriol at the face of a cab-master in the neigh- 
bourhood of Euston Square, and belhre the unfortunate sufferer 
could wash off thfi acid two minutes had expired ; the consequence 
was, loss of vision in the eye. The author stated, that having at- 
tentively considered this case, and made a series of experiments on 
the' eyes of dead animals, he haij discovered that this kind of blind- 
ne^'iV^aa perfectly curable, and he had accordingly proposed an 
Operatioii for this pui|iosc in a paper read at the Medical Section. 
But besides having his face injured, ihe hat of the man was dis- 
• 3 N 
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coloured also by the acid. This article of dress was sent to the 
author^ to determine the nature of the a^ent in this work ofdestruc-* 
tion. The result of this experiment was, that the injured hat, as 
well as an uninjured one, contained sulphuric acid, as tested by 
nitrate of barytes, and a solution of the soluble matter of botli states 
of this article of dress afforded an acid reaction- It was thei*eforc 
necessary to adopt some method which would afford a discrimina* 
tory test between the free and combined acid ; the usual mode, 
viz. by boiling with carbonate of lead, and concluding, if any inso^ 
luble sulphate of lead was formed, that the acid existed in a free 
state, was found to be totally fallacious, because carbonate of lead 
decomposes sulphate of soda, contrary to the opinion stated in 
works of medical jurisprudence. Besides, it was shown that many 
of the usually so called neutral sulphates exhibit, in reality, an acid 
reaction upon test-paper, as in the instances generally of sulphates 
of potash, iron, soda, barytes, and also in the cases of alum, &c. ; 
and hence the excess of acid attached to these salts would be apt to 
act as free acid upon the barytes test. 1’he author, therefore,, con- 
cludes, that tlie only demonstrative proof which chemistry affords 
is a quantitative analysis. Thus he found the entire hat to contain 
•356 per cent, of sulphuric acid, probably in, the state of alum or 

a sras, and the injured hat l.STS per cent. ; or, in other words, 
at had received by tlie injury 1.053 per cent, of free sulphuric 
acid. Here there was afforded clear evidence of the nature of the 
agent employed to effect the injurious object, which could not have 
been conclusive if the matter examined had only amounted to a 
drop or stain. author directed attention to a point connected 

with sulphuric acid in a medico-lcgal point of view, viz. that the oil 
of vitriol of commerce alw'ays contains, in this country, nitric acid, 
in addition to variou.s other impurities. Barruel has stated, that 
sulphuric acid is capable of dissolving platinum. The author lias 
not been able to satisfy himself that it dissolves any sensible quan- 
tity of gold-leaf. Barruel attributes the property, which he states 
it to possess, of dissolving platinum, to the sulphuric acid assuming 
the function 4 pf muriatic acid. But the author is notuware^of any 
experiment which would authorize this conclusion. He is rather 
inclined to attribute the action, if such an occurrence takes place, 
to the muriatic acid which is present in all the oil of vitriol pre- 
pared from sulphur that he has examined. It is given put in 
sensible quantities when a solid oil, such as cocoa nut 'oil, is acted 
on by sulphuric acid. This he ascertained several years ago, when 
examining some Indian oils, and Dr. Kane has since corroborated 
the fact of the existence of muriatic acid in oil of vitriol, although 
the author has not been able to observe the solution of any sensible 
quantity of gold-leaf by the action of oil of vitriol per se ; yet if 
a few drops of muriatic acid be aflded, the action becomes vpry 
powerful, and by the application of heat platinum also is dissolved. 
These facts, therefore, prove that whenever we have oil of vitriol 
we may expect also nitric acid. The author added, that he knew 
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of no c^JPtain mode of detecting the presence of nitric acid save l>y 
the property which it possessed of dissolving gold and platinum by 
the addi^on of muriatic acid. Pure morphia has no action upon 
nitric acid. It is the resin which generally accompanies that alka- 
loid which produces the characteristic yellow colour. But the 
author found that preparations of opium in which the resin was 
excluded^ afforded no colour when nitric acid was added. From 
an examination of numerous cases of poisoning by opium which 
had appeared before the Middlesex coroners, he had come to the 
conclusion that the resin-of-opiura test for nitric acid, afforded only 
mi auxiliary method of arriving at the truth, as its characters were 
frequently usurped by other organic substances. 

On the Resin of SarcocoUa, By Professor Johnston. 

The resin of ciircocolla of commerce is separated by water into 
three ])ortions : 1. A gum (/\) which docs not dissolve in water or 
alcohol, but which is in a great measure washed out by means of 
the former solvent. 2. A portion (B) insoluble in water, but solu- 
ble in alcohol, which is of a resinous aspect, and represented by 
C IT 0 . The hydrate^ is C IT O +3HO when dried at 60 ®. 

40 32 14 40 32 14 

This portion B, is separated (decomposed ?) by bases into two or 
more organic compounds, the alcoholic solution giving with neutral 
acetate of lead a salt containing an organic constituent represented 
by C HO. Ammonia throws down from the mixed solutions a 
40 M 16 

second salt of lead, the constitution of the organic constituent in 
which has not yet been determined. 3. The portion taken up by 
water from the crude sarcocolla, when evaporated to dryness, is 
separfted by alcohol or ether into a soluble (C) and an insoluble 
portion (D). 4. The soluble portion C dried at 212, gave discor- 

dant results approaching to C H O , but when treated with bases 

40 32 15 

gave salts containing organic constituents of a different constitution, 
A neutral acetate of lead thrOws down a salt represented by 
P60+C H O , and the subsequent addition of the neutral tris- 

40 28 16 

acetate a salt represented by 2P60-|-C HO. 5. The portion 

40 32 16 

D, insoluble in alcohol, but soluble in water, consists of a gum and 
of a substance which is precipitated by neutral acetate of lead in 
cutdy flocks. The investigation is still in progress, and the results 
are to be considered as open to convection. 

On Resins, By Professor Johnson. 

In this paper the author drew attention to the following facts, 
apparently established by a table of analytical results, which he 
exhibited, and had printed: — !. That the resins differ from each 



48 ^ Briiish Associaiian Proceedings. 

other in the quantity of oxygen they contain* S* That thoder in 
which the atoms of oxygen is the same, the hydrogen may vary, 
and that this is another cause of difference in the properties of the 
resins. S. That in all the resins hitherto carefully analyzed, the 
number of atoms of carbon is constant. 4. That the resins, aa a 
natural family, may be represented by a general formula containing 
two variables. 5. That the known resins divide themselves into 
two groups, possessing unlike chemical and physical properties. 
That of one of these groups, colophony, may be considered as the 
type, and that it is represented by C H -I- aOy; that gamboge, 

40 32 — 

or dragon's blood, may be considered as the type of the other 
group, which is represented by C 11 -1- x Oy. 

40 24 — 

On a New Salt obtained from Iodine and Caustic Soda. By Prof. 

Fred. Penny. 

While examining the action of iodine on carbonate of soda, a 
salt was obtained, which crystallized in regular six-sided prisms, 
and which gave by analysis sodium, iodine, and oxygen, in propor- 
tions not corresponding to any known conponijd of these elements. 
The same salt was also prepared by saturating a solution of caustic 
soda with iodine, and allowing the solution to evaporate spontane- 
ously. At first, this salt was thought to be the same a^ that 
described by Mitscherlich in his elements of Chemistry, and to 
which he gives the following composition Na I -1- NaO, 1 0 -1-H 0 ; 

5 20 

but the analysis geve very different results. Professor Penny gives 
the following characters of this salt : — It is white and inodorous, has 
a sharp, saline taste, crytallizes in short six-sided prisms, is soluble 
ifl cold and* hot water, and is decomposed by alcohol into ioffate of 
soda and iodide of sodium. It effloresces by exposure to the air, 
and is very readily decomjtosed by heat ; water in abundance is 
first evolved, and then oxygen with a trace of iodine. Its solution 
is perfectly neutral to test papers,*gives a pale lemon^yellow preci- 
pitate with acitate of lead, yellowish white with nitrate of silver, 
and a fine bright yellow with pernitrate of mercury. It is not 
affected by solution of starcli, but* instantly decomposed with the 
precipitation of iodine by nitric, sulphuric, acetic, and hydrochloric 
acids. The latter acid in excess converts it wholly into chloride of 
potassium. He detailed a remarkable circumstance attending the 
formation of this salt from iodine and caustic soda. When the 
solution is evaporated spontaneously, long prismatic crystals of 
iodate of soda deposit; but as the evaporation continues, these 
crystals are re-dissolved, and are replaced by those of the new 
salt* In one experiment this change was Very striking. The 
solution on Saturday night had deposited an abundance oTfine 
crystals of iodate of soda, but on Monday all these had disap- 
peared, and a crop of the new salt had crystallized. The 
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prior deposition of' iodate of soda generally occurs in the pre- 
paration of this salt; and from other experiments of the author, it 
seems necessary that there should be excess of iodide of sodium 
present in the solution, and that the solution should be strong, in 
order that the salt may form. When this salt is dissolved in water, 
and the solution evaporated spontaneously, crystals of iodate of 
soda deposit, but very few of the new salt will form. The salt 
may also, be procured by pouring a saturated solution of iodide of 
sodium on crystals of iodate of soda, an I setting them aside for 
some days. The crystals will be dissolved and be replaced by 
crystals of the new salt Prof. Penny then gave the details of his 
analysis of this salt, and the following formula, as agreeing best 
with his results: — Na* I O -|-38 H O ; or regarding it as a com- 
0 6 ^ 12 

pound of iodate and iodide, it may be thus represented: — 
3 Na 1-1-2 Nd O I O -1-38 H O. According to this view, it is the 

ft 

sesqul-iodide of iodate of soda. 

On the Mode of detecting Minnie Portions of Arsenic* 

By Dr. Clark, of Aberdeen. 

This mode had been applfed by the author to the detection of 
arsenic in commercial specimens of the metals tin and zinc. Grain 
tin, made in Cornwall, contains arsenic, wliich seems to be the 
occasion of the peculiar smell of the hydrogen evolved from that 
metal by the action of acids. All the specimens of commercial 
zinc that the author had happened to try were found to contain 
arsenic. Pure muriatic acid, diluted with distilled acid, is poured 
upon the metal, and the hydrogen evolved is passed first through a 
solution of nitrate of lead, and next through a solution of nitrate of 
silver. Nitrate of lead seems not acted upon by "arseniuretted 
hydrogen, — at least, when in very small proportion ; but were .any 
sulphur present in the metal, sulphuretted hydrogen would be 
evolved in jonscquence, and the solution of nitrate of lead would 
be blackened, which, however, the author did not observe ever to 
occur. But nitrate of silver seems immediately to be acted upon 
by most minute portions of arseniuretted hydrogen. A bluish black 
precipitate is formed, which, to judge from a qualitative analysis, 
appears to be an arsenluret of silver. This bluish black precipitate 
may be collected with remarkable facility, from its falling readily 
from the solution, which it leaves perfectly dear. Heated in a small 
tube, so that the matter heated cor.tes into contact with the air, the 
bluish black precipitate evolves arsenious acid, which, by the liquid 
tests, may be further satisfactorily recognized. Antimony pro- 
duces a similar precipitate, so that the mere appearance of the 
, precipitate is not enough, without the production and recognition, 
by the usual methods, of the arsenious acid. By a few' evident 
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modifications^ this method may be applied to medico-legal inves- 
tigations. 

Dr. R. D. Thomson had found that the electrical method of Mr, 
E. Davy was inapplicable, in consequence of the deposition of a 
black matter from the zinc, which he had considered to be bitumen. 
Dr. Clark has, however, proved it to be arsenic. 

On a New Mode of estimating Nitrogen in Organic Anctl^sis. By 
Professor Bunhicn. 

The qualitative methods at present employed for the iinalysis of 
azoti zed bodies were shown to be defective, for it is impossible to 
employ these processes when the nitrogen and the carbon are in 
small proportion to each other. Prof*. BiinsciVs process consists in 
introducing the substance to be analyzed, after having mixed it 
with oxide of cojjpcr, into a glass tube. A few slips of metallic 
copper arc tlien adclctl, and the tube is fixed to Dobcrciner s appa- 
ratus lor producing hydrogen. I'liis gas is conducted through it 
until all the almospheric air is expellecl, giving the tube a rotatory 
motion at ihn same time, in order to dislodge any air which might 
he retained betv/ocii the particles of the oxjde of copper. The tube 
is now herTTietically sealed, and introduced into an iron vessel filled 
with gyjjsurn. 'J’lie gypsum must he still moist when the tube is 
introduced, in order that it may be firmly wedged. * Thus prepared, 
it is introduced into the emnmon oven used for organic analysis^ 
and siirniunded witli riMbliot co<ils. Ji‘ the tube be of strong green 
glass it n{‘v{'r bursts. Vv hen the coinbiiHtion is completed, the tube 
is place'd below a graduated glass receiver standing over mercury, 
and the point cut off'. The g;as wljich had a pressure of several 
atuios])heres now rushes into the jar. The carbonic acid i.s ab- 
soHied by a’ ball of hydrated potash, v. Inch is introduced into it, 
and the remaining gas nuivSt he nitrogen, for all the hydrogen must 
have been converted into water by the oxygen of the oxide of 
copper. The results obtained by this method agree with theory 
to the second and often to the third decimal place. 


MISCELLANEOUS ARTICLES. 


On the Cultivation and Groivih of Electrotypes, 

Without entering into the merits or demerits of the various modes 
of proceeding, which have been plrfced before the public, in the 
process of forming electrotype, I cannot help thinking that there 
are some theoretic points of very great importance, which remain 
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to the present moment, unexplained ; indeed, nearly untouched. 
15at as all the processes of art are based on unvaryinjj theoretical 
principles, and must consequently be prosecuted with nmeh jxroater 
facility, and with better success, Avhen guided by theoretical laws, 
than under other circumstances ; a brief view of the theoretical 
principles in tlic process of forming electrotypes may possibly be 
intere:iting to many readers of the'* Annals.*’ 

Whenever an electric current from a voltaic battery is luudo to 
traverse an aqueous solution of a metallic salt, sulphate of copper, 
for instance, a decomposition of the solution is accomplished, and 
the liberated particles of the metal assemble at the negative pole. 
And the oxygen and acid matter assemble at the positive pole ; and 
the tejjgnnal negative plate in the solution, has its siirlacc, next to 
the pOTtive plate, soon covered with a coating of copjjor. If in- 
stead having two plates only in the solution, there were several, 
perfectly unconnected with eaeli other, as is shown in fig. 4, plate 
vi, every plate w'oiild become electro-polar, having a positive aiul a 
negative surface, as indicated by the letters p n, p n, the. Tfio 
jiositive side of eacli plate would become o\idi;^ed,and the negative 
side would receive copper from the liquid : and the d(‘positioii of 
copper on tlie negative s^le of eacli plate wouUl form a new com- 
pact plate of copper. And if jmy engraving weie on tile negative 
side of any of these plates, or on aii of them, the new plates, (the 
electrotypes) would be complete pictures in relief, of the original 
engravings. When a single jiait of nu tals is used, and an engraved 
copper plate is out; of them, and a piece of zinc the other, the 
<lcposition of copper, from the solution in which they arc pl.-iced, 
will be on the cngrave<l copper plate. It >vas in this way that the 
electrotype was farme<l, from which the print accompanying tills 
number was taken. 

A wire was soldered to the back side of the engraved plate, ai.d 
aiiotlior wire to a similar piece of zinc. The former, with its face 
upwards, was placed in a solution of .sulpliate of copper, anti the 
latter in water in a porous paper tray above it. 'flie two wires 
were tied together by a thin copper wire, which ftirmed tiie voltaic 
circuit. The liquids were changed every ii I- liours. In five days 
the first crop was removed from the engraved plate. *rhis first 
croj> was then furnishetl with a w'ire and made to assume one side 
of a new voltaic pair, with a new zinc for the other metal. And 
by placing this new voltaic pair in similar liquids, and in the same 
manner, as in the first process ; a second crop of electrotype was 
formed on the face of the first one, Tliis second crop, of course, 
is a fac simile of the original engraved plate ; and in six days be- 
came 4* ounces heavier than it. We have other plates growing at 
the Victoria Gallery, from which prinU will he taken, and presented 
to the readers of the " Annals.” 
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Description of the Dial Plate of Professor Whcatstofie's Electro** 
.Magnetic Telegraph. 

Figure 6 of plate vii., is a front view of the dial plate of the 
telegraph, on which are placed twenty-five letters of the alphabet, 
and five indexes. The indexes are placed in a horizontal line on 
the letters L, M, N, O, P, one on each : and by means of magnetic 
needles placed on the s.nne axis, behind the dial plate, and those 
needles placed within spiral conductors in the usual way, the in- 
dices can be deflected either towards the right or the left, according 
to the direction of tlie (‘Icctric current which traverses the con- 
ductor. When only one needle is deflected, it indicates the letter 
on which it is placed. All the other letters are indicated by being 
pointed at by two needles. The letter F, is pointed at ^ two 
needles in the figure, and is consequently the letter indic^d by 
the telegraph. Other letters on the dial plate are pointcdlH in a 
.similar manner. 


On (he rfnutrknhle (Hffusiuji of Coralline. Animalcules from ihn tisc 
of Chalk in the arts of life) as observed hi) Ehrcnherg . — An exami- 
nation of the finest powdered sorts of chalk which are used in trade, 
has afforded Prof. Ehrenberg the following 'iresult : that even in 
tins finest condition, not merely the*^ inorganic ])arl of the chalk is 
become separated, but that it remains mixed with a great number 
of well-preserved forms of the minute shells of coral animalcules. 
As powdered chalk is used for paper hangings. Prof. Ehrenberg 
also examined these, as well as the walls of his chamber which w^ere 
simply washed with lime, and even a kind of glazed vellum paper 
called visiting cards, and obtained the very visible result — demon- 
strating the minuteness of division of independent organic life ; 
thill those walls and paper-hangings, and so, doubtless, all similar 
walls of rooms, houses, and churches, and even glazed visiting 
cards prepared in the above, mentioned manner, (of which cards, 
however, many are made with jnire white lead w'ilhout any addi- 
tion of chalk,) present, when magnified three liundrcd diameters, 
and penetrated with Canada balsam, a delicate mosaic of elegant 
coralline aiiinialcules, invisible to the naked eye, but, if sufficiently 
magnified, more beautiful than any painting that cov-ers them. — 
Annals of Natural llislory, p. 28(), No, 24, for December, 183!). 


Auroral bell of Mayfl'Q, 1S40. —About Ob. 20ni. P. M. of Friday, 
May 20, 1840, a luminous bell,*spamimg the heavens from east to 
west, w;is seen by several persons in tliis city. When fully formed, 
about oh. 22in., its width was from 3® to S'*, being widest and most 
Inmiiious on the western portion ; its altitude, at the highest part, 
about 85° above the southern horizon. Its light was similar and 
equal to that of ordinary auroral streamers. The extremities of the 
belt were 10*^ or 20*^ above the horizon, but their position was not 
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pllticularly noted, and may have varied 10« or more from the E. 
ihd W. points. Tlie northern edge of the belt was well dehned ; 
the southern was not very distinct. The belt slowly drifted south* 
ward, at the rate of about a degree per minute. At Qh. 30m.> at 
whu^ time the belt was brightest and most perfect, its northern 
edge was projected on Arctunis. Just before the belt reached this 
star« there was a slight hend^^ concave to tlic north, in that part 
of the belt which lay not njifiaBt of the meridian. This occurred 
near that region of the hea^Ks in which (at this town) an auroral 
corona is manifested. The belt soon began to fade, and by 9h. 45n). 
was nearly extinct, but for ten minutes longer, a small remnant of 
it 'wa.^isible in the southwest, which, just before it disappeared, 
paBS)a&o the south of Itegulus. The siunmit of the belt was, at 
vamijllllg, about 10^ south of Arcturus. I'his belt was apparently 
constituted in part of beams obliquely transverse to its length, but 
this character was on this occasion less conspicuous than has com- 
monly been noticed in other cases. During the whole time the sjty 
was obscured by haziness and partially by clouds. There was some 
auroral light about the northern horizon, but it had no visible cou>- 
nectiou with the bcb« &>on after lOh. this ligirt incre^ised exceed- 
ingly ; numerous streamers rojc to the altitude of 50^, and auroral 
waves flashed up nearly or quite to the coronal point 

This auroral belt was seen at New York city, and doubtless at 
many other places. If observations upon the position of the edge 
of the belt at given times were madt; at any considerable distance 
north or south of New Haven, we might have the means of finding 
approximately its height above the eai-^h. If any such observations 
were made, it is to be hoped that they will be given to the public. 

E. C. IJfiRHlCK.. 

New Haven, Counectmt. > 


Lectures on Electricity, Mag^netism, Sfc. 

LECTURE II. 

Having, in th? first lecture, given specimens of the electric, the 
magnetic, and the calorific classes of phenomena, I will now pro- 
ceed to offer to your notice a fow other preliminaries which will be 
necessary to be understood before we can enter very far into the 
study of electricity. In the first place, then, I must present to 
your notice a very well established tact respecting a profierty of 
atmospheric- air, which is applicable to all the gases, and also to 

S O 
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the electric matter. When the air within the receiver of an air- 
pump has become attenuated by the action of the pump^ it still 
occupies the whole capacity of the receiver, and does not settle, as 
water would do, into the lower part of the receiver, so as to occupy 
that part only. Let us, for example, suppose that the receiver 
originally contained a quantity of air which we will call 100. If, 
now, by the action of the pump, 50 parts were to be w.lhdrawn, 
the receiver would retain the other {Mjtoarts only, or just <j 2 H'-half 
of the original quantity. But these oD remaining parts ot' the air 
would still occupy the whole cajwicity of the receiver. Suppose, 
now, that the pump is again set to work, and that it withdraws 
from the receiver just on<»-half of the 50 parts that were left by the 
first operation ; it is easy to understand that since the hal^^f the 
50 p frts has left the receiver, there can be only 25 pai ts rej|pining. 
But these. 25 parts, which are only a quarter of the original quan- 
tity, do not subsist in their original dimensions, and so occupy one 
quarter only of the receiver ; nor do they subsist in one-lialf of the 
capacity of the receiver, in their dimensions jjrevious to the last 
operation of the pump ; lint absolutely fill the whole capacity of the 
receiver as decidedly as the 100 origiiui^ pwts filled it. And in 
tl)e same manner the whole capacity of the receiver would be 
occupied by any remaining portion of air, even after that portion 
had become too small for the pump to affect it any longer. Now 
in all these cases, it is obvious that the air has expanded by virtue 
of some inherent power with which it is naturally endued. This 
power is usually called repulsion : and it is iidmitted by all philo- 
sophers tliat the particles of air have a natural inherent repulsive 
force, by means of which they .are continually endeavouring to 
recede from one another. Hence it is that air becomes expansible 
to an amazing degree, and any portion of it may be made to occupy 
a space immensely greater |han that which it occupies naturally at 
the surface of the earth. • 

On the oth«r hand, any portion of the air at the ecirth's surface 
may be condensed into a smaller and smaller compass than that 
which it naturally occupies. If, for instance, an inverted glass 
tumbler were to be held just over the surface of the water contained 
in' a glass jar, it would contain a certain quantity of air, which 
would occupy the whole capacity of the tumbler ; but if this 
tumbler with its contained air, were to be pressed down into 
the water, the air would no longer occupy the whole capacity, 
but would be compressed into a less space, and a portion of water 
would enter the lower part of the inverted vessel : and the deeper 
in the water the confined air was taken, the Ir ’s space would it 
occupy. This is a very decisive experimc r.t, and the simplest I 
can think of for siiowing the compressibility of air. A small piece 
of cork may be placed on tlic surface of the water beneath the 
tumbler, which will always indicate the height to which the water 
ascends inside, at different deptlis, and consequently show the 
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^pslce occupied by the air. Having now become acquainted with 
these two tacts, the expansibility and the condensibility of air, we 
learn that air has the quality of being elasitc- But it must nut be 
forgotten that this quahiy of efasiicifi/ which air possesses in a mere 
consequence of the natural inherent reimhion of its particles. 

By keeping in view the consequences of the attribute of repul- 
sion which air4)ossesses, whilst contemplating electrical phenomena 
we shall be enabled to account for a great variety of tacts which 
would otherwise appear inexplicable. The electric matter, or, the 
electric fluid, ss it is more frequently called, is much more highly 
elastic than common air, and therefore can be condensed and atte- 
nuated by employing proper means to a very great extent ,* but its 
inotims, when in the act of expanding, are perfl>rmed witii such an 
isnnimse degree of activity that, although several philosophers have 
attempted to ascertjiin its velocity, their efforts have hitherto been 
unavailing. 

Besides the quality of elasticity in coininon with air, and other 
kinds of gaseous matter, the electric fluj^ possesses others ])eculiar 
to itself. Its activity is superior to thu^f any other known kind 
of matter: it enters ^nto* tlie poi:es of the most compact solids, and 
is to h(? found in every kind oV tangible matter. It constitutes a 
portion of the atmosphere, and frequently accumulates to an 
ama/ing extent in the clouds, gradually iiuTeasing In density, till 
its elasticity becomes sufln iently great to enable it to hurst from its 
aerial prison in a compact form, and exhibit itself in all the majesty 
and splendour of lightning. 

It is a remarkable fact that the motions of the electric fluid are 
much more facilitated by some classes of bodies than by others. 
The metals are considered to facilitate the ])rogress o*^ the electric 
fluid to a greater e.xtcnt than any other class of bcalies whatever 
But the metals themselves, as individual bodies, vary very cimsi- 
derahly in the degree of facility wdiicli they respectively offer to 
the motions' of the electric fluid: copper offering the greatest faci- 
lity of ally known body, and lead, or iron, perliaps, the least of 
any of the metals. But it would be impossible, in the present condi- 
tion of the science, to give a correct table of the various degrees of 
facility which different bodies offer to the motions of the electric 
fluid : for although much has been attempted to he done, and 
mucli jnore pretended to have been done, in determining .so im- 
portant a particular in electricity, it is lamentable in the extreme to 
have to acknowledge that but very little has absolutely been accom- 
plished in this interesting inquiry. 

Those bodies which offer comparatively great facilities for the 
motion of the electric fluid, ave usually called conductors ; and those 
which offer the least facility, being supposed to present an absolute 
resistance to the motions of the fluid, have been called non^conduc- 
tors. Now, as the terms conductors and nolheondur/ors of electricity, 
are well known from their long use, and as I am not disposed to 
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attempt to supplant by others, any familiar technicalities, such 
these, which have been of considerable benefit in the promotion of 
the science, I can find no objections to place before my readers the 
following tables of what has been considered conductors and non- 
conductors of electricity, which I find in Mr. Singer’s excellent 
Elements of Electricity” : — 


CONDUCTORS. 

All the known metals, 

Well burnt charcoal. 
Plumbago, 

Concentrated acids. 

Powdered charcoal. 

Diluted acids and saline fiuids, 
Metallic ores, 

Animal fluids. 

Sea w’ater, 

Spring water. 

River water, 

Ice and snow, ^ 

Living vegetables, 

Flame, 

Smoke, 

Steam, 

Most saline substances, 
Rarificd air, 

Vapour of alcohol and lethcr, 
Most earths and stones. 


NON-CONDUCTORS. 

SheU-lac, amber, resins, 

Sulphur, wax, jet, 

Glass, and all vitrifications ; talc, 
The diamond, and all transparent 
jems, 

Raw silk, bleached silk, dyed silk, 
Wool, hair feathers, • 

Dry paper, parchment, k leather 
Air, and all dry gases, 

Baked wood, dry vegetable sub- 
! stances, 

I Porcelain, dry marble, 

I Some s/licicns and argillaceous 


I Jtones, 

I Camphor, clastic gum, lycopo- 
; diupi 


.Native carbonate of barytes. 

Dry chalk, lime, phosphorous, 
Ice at — 13'“‘ of Fahrenheit’s 
thermometer 

M.iiiy transparent crystals, when 
perfectly dry. 

The ashes of animal and vegeta- 
ble substances, 

Oils, the heaviest appear the best. 
Dry metallic oxides. ^ 


. Mr. Stephen Gray, a pensioner of the Charter House, was the 
first person to discover the conducting power of metals, and to 
ascertain the great difference, in this respect, between a metallic 
wrire, and a cord of hemp, or silk. This discovery was made 
on the 3d of July, 1729, it was perfectly accidental, and occurred 
from the circumstance of substituting a metallic wire for the sus- 
pension of an electrized body, in lieu of a silken cord which had 
broken. Dr. Priestley, at the suggestion of Dr. Franklin, seems 
to have been the first philosopher who undertook a series of experi- 
ments, for the purposes of ascertaining the different degrees of con- 
ducting power possessed by different bodies. Several other philo- 
sophers have also paid considerable attention to this subject, 
though, as I have before stated, little more has been accompished 
than the ascertaining of a few general facts : for there still remains 
much difference in thc^tables given by different ^luthors. The 
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following table is taken from Cavallo’s ComplcteTreatise of 
Electricity,” 2 nd edition published in 1782 : — 


CONDUCTORS. 

Gold, 

Silver, 

Copper, 

Brass, 

Iron, 

Tin, 

Quicksilver, 

Lead, 

Serni-metals, 

Animal and vegetable charcoal, 
The fluids of the human body. 
All fluids, excepting air and oils. 
The effluvia of flaming bodies, 
Ice,^' 

Snow, 

Most saline sub.stances, the best 
being metallic salte, * 

Soft stoiicy substances, 

Smoke, 

'fhe vapours of hot water, ♦ 
Highly attenuated air. 


Professor Gumming, in his tra 
Dual of Electro- Dynamics,” giv 
ducting powers of metals — 
Silver, 
c. Copper, 

Lead, 

Gold, 

Brass, zinc. 


NON-CONDUCTORS. 

Glass, and all vitrifications, even 
those of metals, 

All precious stones; the mo^t 
transparent the best. 

All resins & resinous compounds, 
Amber, 

Sulphur, 

Baked Wood, 

All bituminous substances. 

Wax, 

Silk, 

Cotton, 

All dry animal substances, as 
feathers, wool, hair, A'C. 
Paper, 

White sugar. 

Sugar candy, 

Air, 

Oils, 

Calces of metals, 

The ashes ot‘ animal and vegeta- 
ble substances, 

All dry vegetable substances, 

All hard stones, the hardest the 
best. 

islation of Demonferijjind’s '' M,a- 
?s the following table of the con- 

Tin, 

Platina, 

Palladium, • 

Iron.t 


It would be useless to give any more tables of the conducting 
and non-conducting powers of different kinds of matter, as there 
are no two that agree in every particular. For my own part, I 
am of an opinion that all bodies are conductors more or less, metals 
being the best class of conductors, and vitrious and resinous sub- 
stances being about the worst Much, however, will depend upon 
the extent of the electric force employed, and ^ much again upon 
the length of the bodies upon which that force has to operate. 

When any body in a state of electrization is supported on a non- 

• According to Achard, ico conducts the electric fluid whilst it remains above 
a certain temperature, but is not a conductor below that temperature. 

+ In all these tablej), those bodies which are Ri’st in the listi are considered the best of their 
kind; and the others take precedence of all those below them, 
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conductor^ as by a glass stem^ or suspended by silk or other non- 
conductor, it is said to be insytaied. There are many other tech- 
nicalities which 1 shall have to notice as I proceed, but it will not 
be necessary in this place to introduce any more than those already 
mentioned. 

The motions of light bodies by the action of sealing-wax, glass, 
&'C., already noticed in the last lecture, are phenomena of a high 
interesting character, and are a portion of those which must neces- 
sarily be regarded as of an elementary character, independently of 
a knowledge of which no plausible hypothesis of electricity could 
possibly be formed: on which account it will be necessary to 
recur to them again, and to point out other experiments from 
which similar results may be obtained. But it must not be ex- 
pected that because the results, by various modes of experimenting, 
are similar or of precisely the same character, that they should lie 
of precisely the same extent, or degree of power. The light ema- 
nating from two burning candles of different dimensions, may be, 
and generally is, of precisely the same character, but the itilensily 
of the light, from the two sources, may be very different : or, we 
may say, the qnantily of light proceeding from one of the candles 
is very different to the quantity of h'^ht proceeding from the other. 
If similar reasoning be applied to the display of electrical pheno- 
mena, we may easily understand that, notwithstanding the identity 
of the character of the motions produceable from different sources 
of electric action, the quantity or intensity of those motions may be 
very different. And as some sources are sufficiently vigorous to 
put into motion bodies of a considerable magnitude, and others so 
exceedingly feeble as to require the employment of the most deli- 
cate apparatus for their detection, it will be necessary, before pro- 
ceeding to other experiments, to describe such instruments or 
pieces ot apparatus as may be wanted for carrying on those expe- 
riments with which wc ought to be made familiar as soon as 
possible. 

'I'he instruments which are usually employed for the detection 
of feeble electric action, arc called electroscopes , of which we have 
several forms. The simplest electroscope, and one w^hich may be 
frequently employed, is merely a single fibre of flax, silk, or any 
other such flexible article as will bend to slight electric forces. 
I’he fibre may be supported in any manner you please, so that it be 
permitted to hang freely in a vertical direction. . Fig. 4, plate vii., 
is an electroscope of this kind, where the fibre f is supported by, 
and bangs freely from, the wooden stem s. Slaving rubbed a stick 
of sealing wax against the sleeve of your coat, present it to the 
lower end of the suspended fibre, and you will see that it bends 
towards the sealing wax ; and if you bring them suflkriently near 
to each other, the fibre will adhere to the wax for some considera- 
ble time. In this experiment you have an electric - ex- 
hibited as decidedly as by the motions of the pieces of paper in the 



Elementary Lectures on Electricity, ^c* 493 

former experiments: but if the fibre be not very dry and warm, 
you have not that jumping to and fro> as with the pieces of paper, 
for the fibre of die electroscope clings to the wax without leaving 
it, till the electric force is so far exhausted as to be no longer able 
to hold the fibre to the surface of the wax. The action will, in 
many instances, continue a long time, and by paying attention you 
may observe the fibre to change places on the surface of the wax, 
and this very frequently, if you accommodate the wax the motions 
of the fibre, by moving the former so as to facilitate the motions of 
the latter. If, however, the fibre be very (Ixy and somewhat warm, 
it will sometimes recede from the surface^of the wax, in the same 
manner as the pieces of paper, and will lean towards the stem s, 
if very near to it, and even strike against it, ar.d after remaining 
attached to it a short time, will again return to the waz : and re- 
peat these motions several times, till the electric force is too far 
exhausted to produce them any longer. 

I will not detain you, in this place, with an explanation of the 
cause of the electroscope fibre continuing to be attached to the sur- 
face of the excited wax under some circumstances, and not under 
others ; because I am desirous of first making you acquainted 
with the structure and method^of using another simple electroscope, 
which will exhibit the principles upon which they are founded in 
better perfection, than by that made of a single fibre. 

Fig. 5, 'plate vii, will represent the form of a very simple electro- 
scope which may be used to great advantage in some electric in- 
quiries. It consists of a glass stem fixed in a wooden foot, and a 
projecting horizontal brass wire arm, terminated with- a small brass 
ball. When the foot of this instrument is made of nicely turned 
and polished mahogany, and the brass arm and its ball ^vell polished 
and lacquered, the instrument assumes a very pretty appearance. 
Over the farther end of the horizontal arm is hung a flaxen fibre, 
to each end of which is attached a very small ball of the pith of 
.the elder. As the glass stem ofthis instrument is a non-conductor, 
it is incapable of carrying off any of the electric action of the ho- 
rizontal arm, or of the fibres and their balls; and as the atmos- 
pheric air is also a non-conductor, all that part of the instrument 
which is supported by the glass stem is insulated. As, however, 
glass has 9 . great tendency to collect moisture on its surface, the 
stem of this instrument must be kept warm, and occasionally wiped 
with dry cloth to preserve insulation as far as possible. If the sur- 
face of the glass be covered with a good coating of lac-varnish, the 
insulation may be maintained for a long time without nnich trouble. 

Let us now again excite the stick of sealing wax, and afterwards 
present it to the upper side of the horizontal arm of the electro- 
scope, fig. 5. The pith balls will diverge from each other, as re* 
presented in the figure, before the wax comes into contact with the 
metallic arm* But if the wax be withdrawn without touching the 
metallic arm, (he balls will again colapse, and show no electric 
action. 
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Excite the waa; a^ain, and bring it into contact with the arm of 
the electroscope, drawing its surface over the arm*. The pith balls 
will diverge as beforcj and will remain divergent, even when the 
wa^c is withdrawn. And if the roomi in which the experiit^ent is 
made, be dry and warm, aiid the air perfectly still, the balls will 
remain divergent for a long time, eveiv several -hoiirsi^ But in all 
cases the divergency will gradually lessen from the first moment 
that the excited se^ng wax is withdrawn from the electroscope, and, 
eventually, the divergency entirely disappears. Precisely" the same 
kind of phenomena are displayed by the action of any excited body 
whatever, provided its electric forces be sufficiently powerful. 

Plence you may employ excited glass, amber, sulphur, paper, 
&c., in your experiments with this instrument, and the pith balls 
will diverge with each excited -body; Dry writing paper rubbed 
with indian-rubber, becomes highly electric ; and so does coarse 
brown paper wlien drawn quickly between the coat sleeve and a 
woollen table cloth ; or between the coat sleeve and the ti*oiisers. 
^Vl\en the paper is. made pretty warm before the friction is given to 
it, and tlie knuckle presented afterw'ards to its surface, a crackling 
noise will be heard, and sometimes sparks'^will be seen betw'ecn the 
knuckle and the papei. This €?x‘)i3crimcnt answers best during 
frosty weather. Similar phenomena may he produced by stroking 
the back of a cat. Puss often becomes uneasy by this treatment, 
and the hairs of her back and tail brush out in a very strange 
manner. 

I must now bring forward an experiment the results of which 
arc something different to any 1 have yet offered to your notice. 
Excite the scaling wax as before and draw it over the arm o( the 
electroscope fig. and when taken away the balls will remain 
divergent. Again excite the wax, and again make it approach the 
arm, on the upper side, but without touching it, you will observe 
the balks sef>arated furtlier than before, but as you withdraw tlie 
w’ax again, tlie balls will fall to their former position.. The balls 
may be made to separate further irom, or approach nearer to, each 
other, for several limes, by alternately ailvancing the excited wax 
to the arm of the instrument, and withdrawing it from it. If, after 
the balls have been divergent by the first application of the wax, 
the latter be tigain excited and then presented towards ihe balls, 
you will observe them to recede from it : and with a little practise, 
you may deflect the balls from the wax in any direction you please. 

KnuAT^. — Page 19S, in the hooding of article XXV. for“ V'^an Kobell,"’ read 
‘•Von Kobell: and the same in the licading at tlie top of each left hand paj'o of 
that article. Line fi of that aiticlo, for “into” leud “on to.” — Page 199, litie 
2, from bottom of page, for “ noinerara,” re(jd “ Damara.” Saino page, first lino 
in the note, for ‘‘ end” read “ and.” In the article “ Elfctrotyve,” in pages 237 
and 238, all lliat part n hich is below Mr. Cartwright’s letter in page 238, is to 
be read after the W(»id “ engra\iug," at the end of the third paragr9.pJi, page 237. 
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1 . — Report of flic Conimitiec appointed by the Admiralty to 
examine the Plans of JAyklniny Conductors, of W. {Snow 
Hakuis, Esq. E. li, S. and others. Abridgeil. 

Wo beg to observe before detailing the cases whieh,J[iavo been 
brought before us, tliat wc do not consider it to fall within the 
jirovince of the present report to enter into the general ques- 
tioii of tlie cilicacy of conductors in affording protection against 
the injurious effects of lightning, as this would lead to an 
investigation of the first principles of electrical action ; and 
the fact of their eflicacy may be considered to bo established 
lieyoml all doubt, by the exjierience of the last 80 years, and 
the*inianAnous opinions of scientific men of all countries. 

With reference to the first point to which their Lordships’ 
memorandum directed our attention, viz., “ Whether, in cases 
wlierc sliips lot having lightning conductors have been struck 
by lightning, it appears that other ships in company having 
conductors have not been struck, or have escaped injury ?” 
wo hcglio adduce the folbiwing cases : — 

1. Ill 1815, IT. M. S..Norgh, was struck by lightning at 
Janiaic'a, and lost her maintoprinast and topgallant-mast, whilst 
the Warrior, 74, wlilch was lying close to her, with her con- 
ductor up, received no injury, though the electric fiuid was 
observed absolutely to stream down it. Amongst many other 
ships, which were in Port Royal Harbour at the time, none 
roeeived any damage but a merchant vessel, which, like. the 
Korge, liad/no conductor up. 

VoL. 25, IB40. A 
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2. In 1824, H. M. S. Milford, whilst in ordinary in 
Ilamoaze, was struck by lightning, and the foremast and 
foretop-rnast (both very small spars, for the purpose only of 
making signals) were shattered ; she had no conductor up. 
The Caledonia, of 120 guns, with her lower masts in, and 
her conductor up, was lying about 80 fathoms distant, and 
rcceivi'd no injury, 

3. In 1 824, II.M.S. Phmton was struck by lightning, and the 
foremast and foretop-rnast were totally shivered. Tiie Adven- 
turer was at anchor within a cable’s length, with her conductor 
up, and escaped without any damage, though supposed to 
have been struck more than once upon that occasion. 

4. In 1830, IT. jM. S. .d^tna, when coming to, off Corfu, 
was struck by lightning, three heavy discharges descending 
by the conductor, and passing to the water without injuring 
the spars. The Madagascar and Mosquito, which WTre in 
company at tin; time, and had no conductors up, were repeat- 
edly struck, and received considerable injury. 

5. In 1837, the Cochin tank-v(‘ssel, in drincomalce Har- 
bour, was struck by lightning, and her foremast (without a 
topmast) was shivered, w hilst H. M, S. Winchester, at the 
distance of two cables’ length, was uninjured, though the 
lightning was seen to pass down her conductor. 

G. In 1837, the Peli(*an, sloop-of-war, whilst on the coast 
of Africa, w^as struck ])y lightning on the foremast, and lost 
her topmast and topgallant-iuast ; the conductor was not up at 
the time. Waterwltch, at two cables distance, had her 

conductor up, and escaped injury. 

7^ In 1838, H.M.S. Ceylon, in Malta Harbour, was struck 
by lightniijg, and her pole, foretop-rnast, and foremast were 
shivered ; she had no conductor up, and was lying close to the 
Talavera, IJellerophon, and Dock-yfird She<n-s, alhof which 
had conductors up at the time, and met with no injury. 

Thes(i cases have been fully authenticated. 

In addition to these instances of the decided protecaion 
afforded by conduct()rs, and the disastrous c.oiisetjueuces which 
have arisen from the want of them, we beg to call their Lord- 
ships’ attention to the c-aso of the New York Packet. 

it appears that on her passage to Jnverpool, in 1827, this 
ship was str'ick by lightning and sustained considerable injury. 
I’he conductor was not up at the time ; but the weather con- 
tinuing stormy, it was got out and triced uj> to the mast head. 
The ship was a second time struck by a most severe stroke of 
(deetricity, which fused the diain, but j)assed into the water 
without committing further dainage, 

It-Avould be easy to multiply instances of the local protcc- 
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tioii allurded l)y metallic bodies aceidentiilly present in ^llips 
wlii< h have been struck by liglitiiin/^^, as well as cases in wliieh 
single ships have escaped injury by means of a conductor ; 
many su(;h have been adduced in evidence before us; bnl 
these cases apply rather to the general (picstion of the advan- 
tage of conductors. 

Under this head of the Report, however, wo may perhaps 
be allowed to state to their Lordships the result of our 
iiKjuiries with regard to the common prejudice, that conductors 
have the power of attracting a flash of liglitning, which in their 
absence would not have fallen on the ship in which they are 
fitted. 

The numerous cases of accidents to ships without conductors, 
and the comparatively rare occurrence of lightning having 
bcM'ii Tiotic'cd to strike on a conductor, v/ould tend to negative 
sucli a supposition; and it may hi' observed, that in several 
instances the electricity has been seen to strike down on tiu; 
snrfai'O of the water at no great distance from a ship fitted with 
a ('onductor. This phenomenon occurred in Plymouth Sound, 
within a moderate distance of tlm Ualcdonia, whilst fitted 
wilh Mr. Harris’s coiidindors ; and in the instaru'es of the 
^lilford, Cochin, and Ceylon, already mentioned, these ships 
witli very short spars and no conductors, were struck by light- 
ning when w ithin a tVuv hundred feet of ships with considerably 
higher masts and conductors up ; and in the instance of tin; 
Cochin tank-vessel alone was the electric fluid observed to 
descoiul ou the conductor of the ship w hich wuis lying near her 
(tlie Winchester), thus affording evidence, either of the little 
influence exerteil by conductors in inducing or attiacling iiu 
(jxplosive discharge, or of their eflkvicy in harmlessly and im- 
perceptibly conveying the electricity to the water. 

As«1^,he olijection of the attwictivc power of conductors has 
been lu'ought forward by the Surveyor of the Navy, as espe- 
cially applicable to those of JMr. 1 8 arris’s principle, it is right 
to state, in addition to the cases above-mentioned, that with 
regard to Mr. Harris’s, no facts have come under our know- 
ledge which would load us to coincide in his opinion*; but on 
the contrary, amongst the several ships fitted on Afr. Harris’s 
plan, which have for many ycar*j past been em{)loyed in tro- 
pical climates, and w^erc exposed, as stated by their com- 
manding ofii(‘crs, to very severe lightning, we have found great 
difficulty in obtaining direct evidein;e of their having been 
struck at all ; and hi two or three instances only has the fact 
been satisfactorily observed, and no case of injury has been 
recorded. 

Professors Faraday and Wlicatstone have been consulted on 
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this point ; and it is tlieir unequivocal opinion that conductors 
possess no inherent property of attracting or inviting a dis- 
charge from a cloud at a distance- 

If there bo a projecting object, like a mast, within a mode- 
rate distance of tjie point from which the discharge takes place, 
the electricity will descend by it, whether fitted with a con- 
ductor or not, as affording a line of less resistance than it 
w'ould meet with from the non-conducting property of the air. 

** The radius within which it has been considered that a con- 
ductor will determine or conduct the electricity is double its 
own length, provided the discharge takes place within that 
space, but it has no power to cause the discharge on the 
contrary, “ at all times its tendency is to draw off the electri- 
city from the atmosphere, and thereby diminish the liability to 
an explosion.” 

In concluding our remarks on this first head of the inquiry, 
w'e bog to observe that every search has been made for cases 
of injury sustained by ships fitted with conductors, and though 
several statements to that effect have been brought under our 
notice, not one has been substantiated. 

And no instaneoj so far as we are aware of, has ever 
occurred of a ship sustaining injury when struck by lightning 
if the conductor was up to the mast-head, and the continuity 
uninterrupted to the water. 

With reference to the second head of the inquiry, namely : — 
What conductors have been used in ships, either of the Navy 
or in those belonging to private merchants ? we beg to state, 
that the conductors which have hitherto been used in the Navy, 
consist of a copper chain, composed of rods of about two feet 
in length, and -175, or about one*^&ixtb of an inch in diameter, 
with an eye at each end. These bars are linked together by 
rings and the conductor terminates in a rod ef the same 
dimensions, which tapers to a point, and is made with a turn 
in it near the base, to receive the line to which it is attached 
throughout its whole length, for stopping to the topgallant 
backstay when triced to the mast-head. 

It should be observed that these conductors are not issued 
to every ship, but only supplied when demanded, and one 
only is allowed. 

A chain of similar form, composed of either copper or iron, 
is said to be used occasionally in merchant vessels, but we 
have had no opportunity of inspecting one. 

In the French Navy, a metallic rope composed of mixed 
met&l wire, is attached to the mast-head immediately under 
the truck, leads down to the top-gallant cross-trees, and 
thence by the topgallant backstay to the channel, and descends 
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into the water. A copper spindle of about three feet in length, 
tapering from an inch to a point, is screwed into the Tnast- 
heatl, nine inches of the upper end being hardened and gilded. 

This description w\as obtained by Mr. Rice, foreman of 
shipwrights, at Chatham Dockyard, from the oilicers of the 
French frigate Calypso, in 1832, when under repair. A piece 
of it was produced for our inspection, composed of three 
strands of eiglit wires each, and measuring one-eighth and a 
half inch in circumfercn<!e. 

Mr. Harris’s conductors, which have been fitted for trial in 
the ships named below*, arc composed of two plates of coj)per 
rivetted together, so as to form an elastic and continuous lino 
of metal ; the inner plate being one-sixteenth and the outer 
one-eighth of an inch in thickness, their breadth varying ac- 
cording to the class of tlic width of the? plates wliich have 
hitherto been used, as they are considered to be unnecessarily 
large, and tlic subject will |j»e discussed in the sequel. 

These plates are inserted in dovetailed grooves, in the after 
part of the masts, and extend from the truck to the keelson ; 
a (‘opper plate of *the samtj dimensions is led over the caps, 
and the continuity is preserved at all times by a tumbler on 
the caps, consisting of a short copper bar with a hinge at the 
base, by which it leans against the conductor of the topmast, 
wdiethcr Added or housed ; and their lordships will perceive by 
reference to the drawings wliich accompany the Appendix, 
that a stop is placed on the exterior by which the tumbler is 
prevented from falling backwards. 

Copper plates of equal dimensions to those on^ the lo\^er 
masts are placed under the heels and steps of the masts, and 
are thence led along the keelson in contact with the copper 
fastenings. 

In^ order to insure connexion with the copper sheathing, 
bolts are driven transversely through the keel, so as to meet 
those passing down from the keelson. 

Copper plates are likewise led along the underside of the 
beams of the lower and orlop decks to the principal copper 
fastenings, and ultimately terminate in the sheathing, thereby 
combining all the chief masses of metal in the hull and spars 
of a ship with the conductors, and affording by means of its 
ultimate connexion with the copper sheathing a vast surface 
in contact with the water for the dispersion of the electricity. 

With reference to the third head of the inquiry, namely: 
What the objections are to ftie conductors now in use? we beg 
to state, that the chief objections of a practical nature which 

* Action, Asia, Beagle, Bclviilcra, Blanche, Caledonia, Brvad, Druid, 
Forte, Revcnge,/Saphire, St. Vincent, Spartiatc. 
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have been urged against the common chain conductors, are 
that not being fixtures, they are seldom ready when required, 
are kej)t packed in a box, and usually stowed away in the 
store-rooms, and when thunder squalls arise suddenly and 
unexpectedly, as frequently occurs, especially in the tropics, 
the damage is done to the ship before they can be got out and 
triced up. At all times there is danger in tricing them up, 
as it is usually done when lightning is Jinticipated. 

In 1834, on board the Thunderer, the men had not left the 
conductor five seconds when the lightning descended with ex- 
treme violtmce ; and in one instance, on board a vessed in the 
mouth of the Mississippi, several men were struck dead at the 
moment of hoisting one up. 

In dark nights tlu^ dilliculty of tricing them up properly is 
greatly enhanced, and in heavy weather, when much needed, 
it has been found iinpracticjiblc to get them up at all. 

Their construction is very slijdit, and the rings not being 
welded together, a trilling straiii^reaks them. 

In the event of a topmast or topgallant-mast being carried 
away the conductor is likely to be lost, and at any rate the 
ship is unprotected until it can ’ be got in, and triced up to 
another mast. This case occurred to the Jupiter. 

As (‘onductors, their capacity is not sufficient for the safe 
transmission of heavy discharges of electricity, and in several 
instances the metal has been fused or disjointed. This oc- 
curred to the Hublin and ilUna. 

In short, v,e cannot but regard them as a temporary and 
inadequate expedient. 

By not being permanently fixed, the security of the ship is 
left to the opinion of the '•ominaiKling officer as to their utility 
at all, or necessity at the moment. 

They are not calculated to be applied in all wcnatherj, are 
subject to all the casualties to which the ship’s rigging is ex- 
posed, and liable to lead to serious accidents by the end being 
brought in board, the continuity interrupted, or the end lifted 
out of the water. 

4. What the advantages or ‘disadvantages of Mr. Snow 
Harris’s conductors, as compared with others ? 

The advantages to be derived from the adoption of Mr. 
Harris’s plan are, the removal at once of all the objections and 
liabilities to which the coranioii chain conductor is exposed. 

A continuous line of metal from the truck to the water is 
permanently fixed, and if it be fdund necessary to strike any 
of the masts, or one or more be carried away, a safe conductor 
will still remain. By its connexion with the detached masses 
of metal used in the fastenings of the hull, and its final junction 
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with the copper sheathing, the important advantages of great 
electrical capacity arc obtained, and of ready means under all 
circumstances, for the vapid diffusion of the electricity over a 
vast surface of metal in contact with the water. 

Professor Faraday stated to the committee, that it was his 
opinion that ” jNIr. Harris’s conductors met every case that he 
could possibly conceive to occur, and oBered no one disadvan- 
tage or objection whatever;” and Professor Wheatstone stated, 
that,’ he could see no objection whatever to Mr. Harris’s 
conductors in a scientific point of view.” 

A committee of the Royal Society, appointed in 1823, to 
consider the merits of these conductors, as well as J)r. 
Wollaston and Sir Humphry Davy, have stated their approval 
of tlie principle of Mr. Ilarris’s plan. 

W’itn reference to the disadvantages of Mr. Harris’s con- 
ductors, we beg to state that all the objections which have 
been brought against them have, to our minds, been sufliciently 
removed by the evidence adduced before us; it will be proper, 
however, to state tijesc; objections to their Lordships, with the 
facts and opinions wliieh lia^e influenced oiir conclusions. 

The objections may be divided under the following heads: — 

1. Those of a scientific nature, involving principles of clcc- 
tri(*al aidion. 

2. Those of a practical description, as tending to injure and 
weaken the spars. 

3. The indirect obje(‘tion on account of expense. 

1st. ’riicoretical objections. 

First, lliat Mr. Ilarris’s conductors attract the^ lightning. 

'rhis applies ecjually to all conductors, and has been already 
refuted. • 

Secondly. That danger arises from the “lateral explosion.” 

Mr. Mil’tyn Roberts has objected to the conductors being 
led through the body of the ship, on account of the dangers of 
lateral explosion, which he considers might set fire to the ship, 
or ignite the magazine. His hypothesis is, ’’that when a 
discharge of electricity passes along a conductor, visible sparks 
would be throwm off from the sides of the conductor to any 
metallic or other conducting body within a moderate distance, 
and be capable of ignite g inffammable substances.” “ And 
that such lateral discharges would be in proportion to the 
capacity and proximity of tb'' secondary conductors, witli 
reference to the volume of electricity passing down the primary 
conductor.” 

Professor Faraday stated, that “ he was not aware of any 
phenomenon called lateral dischage, which was not a diversion 
or division o&the primary current, and that all liabilities to 
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a diversion of the main cliarge would decrease in proportion 
to the capability and goodness of the primary conductor; that 
in proportion as the number of the metal bolts are connected 
with the conductor would the probability of a lateral diversion 
diminish.” 

“ It was his opinion that a lateral discharge could not be 
obtained from Mr. Harris’s conductor, provided the continuity 
were not interrupted; and from the increased dimensions of 
the plates at the lower extremity, and the complete mode of 
connexion with the fastenings of the hull, the electricity would 
be so rapidly diifiised that he doubted whether, with any 
intentional contrhance, the magazine could be ignited from 
the sides of the conductor. He could not but a])peal to the 
evidence of experience to prove the efficacy and safety of Mr. 
Harris’s plan; ships fitted with his conductors ha(f been 
exposed to severe lightning, and the electricity had been 
known to descend by them with perfect security to every thing 
on board ; nor was there, so far as he could learn, any instance 
on record of lateral explosion.” 

ProfessorWheatstone stated, wWi regard to lateral explosion, 
that all the cases with which he was accpuiinted were those 
of a partial diversion of the main current where the conductor 
Avas not of sufficient capacity of conduction, in which case a 
jmrtion of the electricity distributes itself to auy tolerably good 
conductor within a moderate distance. 

“I’his, however, had only been known to occur from a very 
small wire, and from a conductor of the dimensions proposed 
hyx Mr, Harris, would be impossible, with such atmospheric 
discharges as we are aquainted with. 

‘‘The liability to such liiteral diversion would be diminished 
in proportion to the means of diffusion ; and considering the 
mode proposed by Mr, Harris for connecting tlffi principal 
fastenings, &c., of the hull with the conductors, no danger need 
be antcipated from leading the electricity througli the body 
of the ship or within a few feet of the magazine so long as 
the continuity was maintained.” 

Notwithstanding this evidence, Mr. Martyn Roberts sub- 
sequently communicated to the committee that he had made 
further experiments on a larger scale, which favoured his idea 
of the danger to be anticipated from lateral explosion.” 

Professor Wheatstont* was in consequence requested to 
attend to receive from Mr. Roberts himself an explanation of 
the experiments which he had instituted ; and we beg to 
subjoin the furtlier opinion of Professor Wheatstone on the 
subject, which he communicated in writing. 

“ When the known conditions of a good lightning conduc-^ 
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lor are fulfilled, it is physically impossible that it should 
occasion the least accident to the building or ship to which it 
is attached. When injury does occur to a ship provided with 
one, it is because this conductor is not sufficient to carry oft* 
the whole of the discharge ; the ship is then only partially 
protected — damage is done ; but this damage must be in all 
cases immeasurably below what would have been produced by 
the whole discharge, had it not found any conductor to trans- 
mit it to the water. The danger to be apprehended from the 
division of the discharge may be reiluccd to almost nothing 
by increasing the dimensions and conducting power of the bars 
or plates which transmit the electricity, and by keeping good 
conductors, not connected with it, out of its immediate 
vicinity. 

It lias been proved beyond doubt that electricity follows 
the best conducting path which is open to it ; and that when 
it finds a metallic road sufficient to conduct it completely, it 
never flies to surrounding bodies greatly inferior in conducting 
power. , , 

The experiments of M. de Romas, made in France, wdtli 
the electrical kite, immediately after Franklin’s first attempt, 
might satisfy the most timid in this respect. * Imagine,’ 
wTitcs he to the Abbe Nollet, ‘ that you see sheets of fire, nine 
or ten feet long and an inch broad, which made as much or 
more noise than the reports of a pistol. In less than an hour 
1 had certainly 30 sheets of these dimensions, without count- 
ing a thousand otlicrs of seven feet and under. Rut what 
gives me the greatest satisfaction in this new spectacle is, tluvt 
the largest sheets were spontaneous, and notwithstanding the 
abundance of fire which formed tlieiti, they constantly fell on 
the nearest conducting body. 'Fliis constancy gave me so 
much ^security tliat 1 did not*fcar to excite this fire w ith my 
discharger, even w'hen the storm w^as violent; and whorl the 
glass branches of this instrument were only two feet long, I 
(conducted wherever I pleased, without feeling the smallest 
shock in my hand, sheets of fire six or seven feet long, with 
the same facility as those of only six or seven inches. 

‘‘ The wire of the kite was insulated, and the sparks drawn 
by a metallic conductor held in* the hand by means of an 
insulating han<lle, and coinmunicating with the ground by 
a chain. The human body is known not to be one of the 
worst conductors; yet because it was two feet further than a 
far fhore perfect one, it received none of the discharge, even 
though the conducting path was an interrupted one. 

** The phenomenon to which the name of lateral explosion 
has been generally given was the first observed by Henly, 
VoL. V — No. 25, Juncy 1840, 13 
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more than half a century ago, and has been subsequently 
experimented upon by Priestly, Cavallo, and more recently 
by Biot. 

“ I conceive it has no application to lightning conductors, 
but as it has been brought forward as an objection to Mr. 
Harris’s plan by Mr. Roberts, it may be necessary to say a 
few words respecting its real nature. 

‘‘ It takes place during the discharge of an electric battery, 
that is at the moment of the union of the positive and negative 
electricities accumulated on the opposite coatings of tho jars ; 
no part of these accumulated electricities has anything to do 
with the eiFcct, which arises solely from the induction of that 
small portion of electricity which remains free on one of the 
surfaces of the battery or the conducting bodies attaclied 
thereto. 

“ Tins is the explanation of the phenomenon given by tho 
best authorities, and, as Biot observes, theory and experiment 
unite in demonstrating to us that it is incomparably less than 
the direct discharge. 

‘‘ Even, therefore, were lightning conductors liable to thivS 
lateral discharge, it would be easy to prevent any material 
damage arising from this cause; but after attentively con- 
sidering the subject, and Mr. Roberts s objections, 1 am still 
of opinion that, in tho ciiso of lightning conductors, the lateral 
discharges that sometimes occur and produce mischief, arise 
solely from the insufficiency of the conductor to carry off the 
wliole of the electric fluid which enters, as I have above- 
stated, and the remedy to which is obvious.” 

The evidence of the officers who had served in II. M. ships 
fitted on Mr. Harris’s plan, and had witnessed the effects of 
lightning descemding by the conductors, as well as the 
absence of any case, so far as Ve can learn, of lateraPexplo- 
sion, even from the common chain conducitor of such inferior 
capacity, so fully hear out the opinions of Professors Faraday 
and Wheatstone, that wc do not hesitate to state our entire 
conviction of tlic futility of the objection on account of 
‘‘ lateral discharge.” 

Thirdly. That Mr. Harris’s conductors do not afford a 
continuous line of solid metal. This objection will embrace 
the ninth ejnestion in their lordship’s instructions, namely, 
“ Whether tho continuity can be preserved in all probable 
circumstances, and whetlier tho danger is not increased in 
case of interruption of the cohductor, or of its being of in- 
adequate dimensions ?” 

On this pomt again wo beg to quote the opinions of Pro- 
fessors Faraday and W’heatstuiie. 
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Professor Faraday stated, that the conducting power of 
the plates would be but little diminished by the continuous 
solidity of the metal being interrupted, so long as the portions 
of the conductor remained in contact ; that even supposing 
the tumblers on the caps were, through accident, to be open 
to the extent of half an inch or an inch, no injury would be 
caused to the surrounding woodwork by the electricity leaping 
from one point to the other ; that rope, or any substance of 
small conducting capacity, if placed between the two points, 
would perhaps be destroyed, but the probability appeared so 
small of any accident occurring whereby the continuity could 
be interrupted, that he should not hesitate to say there would 
be no objection to Mr. Harris’s plan on that score.” 

Professor Wheatstone stated, ‘‘ he was of opinion that if 
the copper plates of which the conductors were composed 
were in mechanical contact, there would be no danger of an 
explosive discharge along the line of junction; and that their 
capability for carrying off the electricity would be so little 
* diminished by a sli^t interruption of the continuous solidity 
of the metal, that there couldtbe no objection to them on the 
ground of being formed of separate pieces of copper. 

'Phat the continuity of the conductors appeared to be 
sufficiently provided for by the tumblers on the caps, and that 
no danger need be anticipated supposing they w^erc opened 
by accident to the ^xtent of an inch or two, as the electricity 
would pass from one point to the other without damaging the 
' contiguous woodwork.” 

Their lordships will perceive by reference to the description 
and drawings of Mr. Harris’s’ plan that every means have 
been adopted to ensure the prcstrrvation of the continuity 
under all possible circumstances, and in no case is an inter- 
ruption of Kny consequence likely to occur. 

Fourthly. The danger of accidents to men in contact with 
the conductors at the moment of the electricity dccending. 

No instance of any accident of the sort has been known to 
occur. 

On board H. M. S. Beagle, the lightning was seen to strike 
the conductor, and though it passed wdthin eight inches of 
the purser’s head, who was asleep in his cabin at the time, he 
experienced no ill effects, beyond being woke by the general 
concussion. i 

Professor Faraday statec^, that he believed a man would 
receive no injury if he were leaning iigainst Mr. Harris’s con- 
ductor when the electricity descended, and that any opinion 
to the contrary must be only assumption. 

2. Objections of a practical description, as injuring and 
weakening the spars. 



12 Mr. W. Snow Harrises Liyhtniny Conductors. 

The surveyor of the navy and Mr, Edye stated that they 
were of opinion that Mr. Harris’s conductors injure the 
spars. 

Frist. That the nails by which they arc fixed split the 
spars ; and when the masts are strained by carrying sail, the 
wet might get into the splits on the w'eather side, and cause 
injury. 

Secondly. That the conductors weaken the spars. 

In support of the opinion that the nails split the spars, the 
surveyor of the navy considered he was borne out by tlie 
report of survey on the Caledonia’s spars, from which Mr. 
Harris’s conductors had been stripped. 

The officers of Plymouth Dockyard state, in their report 
of the 15th Jime, 1839, that ‘‘if the conductors had 
been allowed to remain in the spars, there w'ould not have 
been any objection to their rc-issue to the ship or ships to 
which they belonged.” 

“ That if the conductors had not been removed from the 
topgallant-masts and flying jib-boom,. ‘ the rents occasioned ■ 
by the nails Avould not have beei? apparent,’ and the necessity 
for reducing the spars on account of the grooves made for the 
reception of the conductors would not have existed.” “ In 
several instances the injury done to the smaller spars may 
be attributable to the great number of nails used for fastening 
the conductors, and which rendered the ^ small spars of the 
Caledonia unserviceable,” 

Wc beg to observe, however, in this instamte, that nails 
are stated to have been used of two inches and a half in length 
to fix the copper plates, of only three-s'ixtcenths of an inch, 
on a spar of six inches and a half in diameter. 

The foreman of the Mast Department at Plymouth gtates, 
that “ none of the spars of the Spartiate and Forte when 
returned into store were rendered unserviceable from the 
conductors, and in every instance the plates were as securely 
fixed as when first fitted in ; that no injury from nail-holes 
would ever render a re-conversion of a spar necessary ; and 
that they would never be rendered inapplicable for other 
or inferior purposes, if the conductors were kept in.” 

The officers of the Portsmouth Dockyard state that “ they 
arc not aware that any injury to the masts or spars was 
attributable to the application of Mr. Harris’s conductors.” 
Captain Fitzroy stated, that “in H. M. S. Beagle, when 
under his command, he had never found the spars sj)lit by the 
nails, and did not consider that they were likely to be 
weakened or injured by them, as the nails were flattened at 
the point, and passed between instead of <*uttir!g the fibres of 
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the wood ; but allowing such to be the case, no wet could 
ever penetrate if the masts were kept properly greased ” 

Secondly. That the conductors weakened the spars, (which 
embraces the sixth question of their lordships’ instructions, 
namely, “ Whether the conductors of Mr. Snow Harris can 
be so fitted as not to weaken the spars in which they are 
placed?”) 

Captain Fitzroy stated, that the copper plates appeared 
to strengthen rather than weaken the spars. In so small a 
vessel as a 10-gun brig, the Beagle, the spars w^ere found to 
be improved rather than injured, and though exposed for five 
years to continued service, the same spars remained at the 
present moment in the Beagle, with the exception of the top- 
gallant-masts.” 

Commodore Pell stated, in proof that Mr. Harris’s conduc- 
tors were not injurious to the spars, that after four years' 
service the Forte was paid off with the same masts, top-inasts, 
topgallant-masts and royal-masts. 

Ca])tain the Hon. F. Grey, Commander Turner, Captain 
the Hon. W. Wellesley, and Commander Norcott, who had 
served in ships fitted with Mr. Harris’s plan, w^ero also 
equally of opinion that the introduction of the copper plates 
tended rather to strengthen the spars. Experiments were 
made to ascertain the point in 1831, in Portsmouth Dock- 
yard, under the superintendence of Mr. Harris and Mr. Rice, 
in the presence of several distinguished officers, &c., by which 
it will be seen that a spar (a jib-boom) was undoubtedly 
strengthened by the application of the plates, and nn certain 
positions increased in stability upwards of a sixth ; thus con- 
firming the opinions of the officers •above mentioned, who had 
testqd the fact by experience in actual service. 

Thirdljf. Objections on the score of expense. 

With reference to the fifth point of their lordships’ instruc- 
tions, namely, “ What the comparative expense is of different 
descriptions of lightning conductors ?” 

The accompanying Table shows the cost of Mr. Harris's, 
and the common chain conductor for each class of IL M. 
ships.* 


♦In tl>is Table the expense of the common conductors is oniitteil, but we 
have added this information from another table which we find in the Appen- 
dix.— Eo. M. M. 
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Class of Ships. 

Expense of 
6tlinp: each Ship 
with Harris’s 
Conductors. 

Expense of 
common 
Conductors. 

Iso. of Guns. 

£. 

s. 

d. 

£. s. d. 

120 

365 

17 

8 

3 2 

S4 

350 

15 

7 

3 1 3' 

74 

317 

18 

6 

2 16 lOi 

50 

286 

15 

10 

2 13 14 

4b 

236 

1 

7 

2 8 U 

28 

161 

18 

11 

1 19 8' 

18 

110 

7 

2 

1 19 8 

10 

102 

12 

7 

1 15 0 


From this account it is obvious that the adoption of Mr. 
Harris’s plan would be accompanied with a very considerable 
increase of expense, but we propose to show in the sequel by 
what means certain reduction in their cost may be effected. 

We now beg to state, with reference,, to the tenth head of 
the in(]uiry, namely, ‘‘ Whether , any other mode of fixing 
lightning conductors docs not possess the same or greater 
advantages than Mr. Harris’s ?” That Mr. Martyn Roberts 
submitted to us a proposition for avoiding the dangers lie 
considered likely to arise on the adoption of Mr. llarris’s 
plan, from the alleged lateral explosion, by means of a rope 
composed of annealed copper wire, to be led from the truck 
down the afterpart of the masts to the lower mast-head, and 
thence as ^ backstay to the copper sheathing, to which it is to 
be soldered or brazed. This plan differed only from the con- 
ductor used in the French^ navy in its mode of application. 

Mr. Fdye also submitted a plan for obviating the supposed 
objections to Mr. Harris’s coiiductors from their passing 
through the hull of the vessel, consisting of Mr. Harris’s cop- 
per plates as far as the head of the topgallant-mast, (or if 
necessary to the top-mast head), and wire-rope back-stay on 
each side down to the copper sheathing. 

Before entering into the merits of these two plans of very 
similar construction, we cannot but remark on the circumstance 
that the chief objections urgcd*by Mr. Edyeand the surveyor of 
the navy against Mr. Harris’s conductors equally apply to 
Mr. Edye’s proposition, namely, the injury to the small spars 
from the nails by which the copj^er plates are fixed, and the 
tendency of the conductors to attract lightning. 

Mr. Edye, in his evidence, states, “he considers Mr. Harris’s 
plan would decidedly w eaken the spars, and the nails unques- 
tionably injure by causing splits and admitting the wet, as 
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was found in the case of the Caledonia;” while his own pro- 
position is to apply Mr. Harris’s plates to the royal-masts 
and topgallant-masts if thought necessary, these masts being 
the most liable to the in jury he so unquestionably states must, 
in his opinion, ensue. 

Professors Faraday and Wheatstone were shown the draw- 
ings iind descriptions of these conductors. 

The former observed with regard to Mr. Kdye's, that 
there was no doubt that if they could he kept in their places 
under all circumstances, and the rope was of sufficient capa- 
city to carry off the electricity, they would be efficacious; but 
in his opinion, their liability to derangement w\as far greater, 
their capacity less ; nor were they in any one point equal to 
Mr. Harris’s ; and he should greatly prefer the latter.” 

Professor Wheatstone stated, that “ Mr. Edye s plan of a 
conductor appeared to him to be liable to all the casualties to 
which the common chain conductor was exposed. If it could 
always be kept permanent, and the wire ropes wore of suffi- 
cient capacity, there )vould be no doubt they could lead off 
the clectri(*ity ; but their liability to accidents was an insuper- 
able objection. • 

“ Mr. Roberts’ plan appeared very similar to the metallic 
rope conductors used in the French navy, and was objection- 
able on the same grounds as Mr. Kdye’s.” 

We entirely concur in the opinions of these gentlemen, and 
beg to observe that both Mr. Roberts’s and Mr. Edye’s plans 
appear to us to be equally subject to all the liabilities to which 
the rigging of a ship is exposed in common with the^hain con- 
ductor ; in the event of a topmast being carried away, the ship 
is left unprotected, and thus, in the hour of danger, they are 
liable to become useless. 

Tfie weight of the wire ropes in Mr, Edye’s plan would be 
a great objection, especially when it is considered that the 
wliole of this weight rests ou the head of the topgallant-mast 
alone. 

A wire rope, of three-fourths of an inch in diameter, from 
the topgallant-mast head (on each side) of a first rate and an 
i8-gun brig, as compared with the weight of their hempen 
backstays, w^ould be as follows," namely : 

Ili'mp. "Wire. 

First-rate : topgallant backstay... 246lbs. 3571bs. 

18-gun brig 92 2G8 

And as it is necessary to provide conductors for each mast- 
head, and their capacity must be the same, whether in a first- 
rate or sloop-of-war, the comparative excess of weight would 
be still greater in the fore and mizen masts. 
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In carrying sail, especially in dry weather, when the rig-- 
ging is slack, the mettil not being alfected in the same degree 
as the hempen ropes, the strain would probably be so great 
on the conductor, as to carry away the topgallant-mast, or the 
wire backstay. 

It has been proposed to place a globe of glass on the mast- 
head in lieu of a conductor, on the hypothesis that, from the 
non-conducting property of glass, it would serve as a repellant 
to lightning ; but l^rofcssor Faraday considered it would 
not be a preventive, but would rather tend to increase th(5 
liability to an explosive and to a more violent rather than to a 
silent discharge, and would therefore increase the danger.” 

Professor VVheatstone was of opinion that “ such a propo- 
sition was an absurd notion, and would he dangerous in the 
extreme, inducing, in many instances, an explosive discharge, 
where a conductor might have silently drawn off the electricity.” 

After maturely considering the several points now discussed,' 
and the evidence, both practical and theoretical, which has 
been submitted to us, wc arc unanimously of opinion, that of 
all the plans of conductors which , we have fiad under our con- 
sideration, that proposed by Mr. Harris affords the best means 
of preventing the injurious eft'ects of lightning. 

Wc now propose to show by what means the expense of 
fitting Mr. Harris’s conductors may be reduced. 

In considering this (piestion, it will be necessary to divide 
it into three separate beads, namely : 

First, Dimensions of the plates of the conductors. 

JSccondlv, Abbreviation of the comluetors. 

And, ^Iriirdly, The number required in eacli ship. 

First, in order to ascertain the feasibility and safety of 
reducing the size of the copper plates originally proposed by 
Mr. Harris, it is necessary to ciTter into the question oV the 
reijuisitc dimensions of metallic rods to insure protection 
against lightning. 

The capability or power of a metal rod for the safe trans- 
mission of electricity is in direct proportion to the area of sec- 
tion or its metallic contents. 

A copper rod, of half an inch in diameter, has never been 
known to be fused or heated •red hot by an atmospheric dis- 
charge of electricity, and thus a standard of sufficiency is 
afforded with which all conductors may be compared. 

On consideration of this fact, and the rare occurrence of 
the common chain of one-sixth of an inch being fused, we were 
led to conclude that Mr. Harris’s plates were larger, especially 
in the lower masts, than experience seemed to require for the 
safe conduction of electrical discharges, and as their dimen- 
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?sion8 varied in the different classes of ships, and it was appa- 
rent that whatever was requisite for one was ncecssaiy for all, 
without reference' to the size of the ship, we desired Mr. llice 
to prepare a table of the comparative dimensions of Mr. 
Harris’s conductors on the scale originally fixed by him and 
that proposed by us, and Mr. Harris having expressed his en- 
tire ac(paioscence in the reductions, we beg to recommend the 
following scale of dimensions for the copper plates for the 
masts and spars of ships of all classes in the event of these 
conductors being used in future in 11. M. Navy, namely: — 

luchi's in v^idlh. 


Lower masts and bowsprits 4 

'Jopm as ts and jib-booms 3 

I'opgallant-masts, and flying jib-booms 2^ 

To taper from hounds to truck from 2toL} 


Thc plates remaining of the same thickness in all, viz, ^’^ths 
of an inch. 

'riiese reductions will effect a commensurate diminution in 
the expense, and the* followinj^ account shews the cost of fitting 
each class of H, M. ships on the scale proposed; viz. 



'Cotal Expense 
of the 

Conductors. 

Vidue of copper as 
“ old copper,” when 
no longer serviceable 
as conductors. 

Actual Cost 
to the 
Crown. 

• 


£. ' 

• £. 

£. 

Fir^t-rates 

258 

133 

125 

Secoud-rTites ... 

24G * 

127 

119 

Third-rates 

230 

119 

111 

Fourth -rates ... 

214 

110 

lot 

Fifth-rates 

192 

99 

93 

Sixth-rates 

151 

85 

()() 

Sloops 

98 

47 

51 

Brigs 

87 

43 

44 


In order to remove any doubt as to the security with which 
these reductions may be effected, we beg to (piote the following 
opinions. 

Professor Faraday stated* that he had no doubt the 
reductions of the copper plates proposed by the committee 
could be effected with entire security. ” 

VoL, V — No. 25, Jw/y, 1840. 


C 
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Professor Wheatstone stated, that ‘‘ in the Report of the 
Committee of the Academy of Sciences of Paris, appointed 
to investigate the utility of lightning conductors, it is mentioned 
that there is no instance on record of an iron rod of half an 
inch in diameter being fused or made red-hot by a flash of 
lightning; and considering that the capacity of copper for the 
conduction of electricity was from six to eight times greater 
than that of iron, and that the area of the section of Mr. 
Harris’s condu(!tors at the mast head was ‘ 1688 , of a square 
inch, and in the lower masts *7500, whilst that of an half-inch 
rod was 'ly/O, he felt convinced that they w'ere perfectly safe.” 

vSccondly. Abbreviation of the conductors. 

It appeared to us to be a question of great importance to 
consider, whether the time and expense of docking ships for 
the purpose of drawing the copper bolts to effect the inetalli(‘ 
continuity with the keelson bolts and the copper sheathing 
might not be dispensed with in cases of emergency, when 
ships were required to be fitted out with expedition, and 
at the same time that they might po'ssw«s the advantages of 
these permanent conductors. We therefore submitted to Pro- 
fessors Faraday and Wheatstone, whether sufficient security 
would be afforded against lightning if the conductors wore 
led down no fartlicr than the orlop-deck in line-of-battle ships 
and frigates, and to the lower deck in sloops and brigs, and the 
metallic connexion with the copper sheathing maintained alone 
by the transverse copper bands leading mulcr the beams. 

We beg to siilqoin tlieir opinions. 

• Profef^.or Faraday stated, that ‘‘ be is of opinion there 
would be no olqection to cutting oflf the lower portion of the 
eondi\‘tors, say from tlid lowest deck, provided that four, or 
even only three of the transverse copper bands leading*undcr 
the beams to the copper sheathing remained, as these would 
afford ample moans for the dispersion of the electricity. 

‘‘There would l)cun danger whatever from the electric 
discharge being thus deflected at right angles from thcpoipemli- 
eiilar line, as it would always take the line of least resistance, 
and is totally independent of momentum.” 

Professor Wheatstone sbjted, that “ if, for the sake of 
economy, the conductors were carried no further than the 
lowest deck instead of to the keelson, he was of opinion that 
the transverse copper plates under the ])eams, if connected 
with the copper sheathing by conductors of sufficient capacity, 
would afford ample means for ( arrying off the electricity, and 
that tliere could be no objection to sucli an alteration, provided 
always the continuity could be equally well maintained.” 

1 he reduction in the expense of fitting the conductors on 
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this plan, as compared with the former account, is shewn in 
the following estimate, viz, : — 



To the 

To the 


Lower Deck. 

Keelson. 


Total Cost. 1 

Total Cost. 


£. 

£. 

First-rates 

220 

258 

Second-rates 

218 

246 

Third-rates 

206 

230 

Fourth-rates 

101 

214 

Fifth-rates 

171 

102 

Sixth-rates 

1.36 

151 

Sloops 

88 

08 

Brigs 

70 

87 


By this plan of abbreviating the conductors, a reduction of 
about one-sovonth of the expense of fitting ships would be 
effected ; and as there appears to be no objeclion on scientific 
grounds, it may be j-esgried to as a safe expedient in cases of 
emergency. But wo still woj^ld beg to recommend that the 
copper plates be carried down to the keelson, in all ships 
which may be built or docked in future. 

Thirdly. The number of conductors required in each 
ship. 

The question of the necessity of having conductors fitted 
to each mast and the bowsprit depends upon the confidence 
to be placed in the supposition that a conductor protects 
within a radius of double its own length, a supposition whiqfi 
may be considered to stand in need of confirmation by further 
experience. • 

In stormy weather, when accidents are most likely to occur, 
a ship*may l*arry away a niastT, and if not fitted with a coii- 
diietor to each, might possibly be exposed at a moment when 
protection was most needed. 

Professors Faraday and Wheatstone wxrc of opinion, ‘‘ that 
extreme cases should be provided for,” and w^e would therefore 
recommend that the three masts as well as the bowsprit should 
be always fitted with the conductors. 

While concluding our remarks on tkj mode of applying 
Mr. Harris’s conductors, we beg to state to their Lordships, 
that though it is our decided conviction that no danger is to be 
feared from the assumed lateral explosion, yet if it be deemed 
advisable, for the sake of hbviating any doubts which niixy 
still exist in the minds of some, we see no objection wliatever 
to the copper plates on the fore-mast being placed on tlie fore 
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part of the mast, whereby the mast itself will intervene 
between the conductors and the magazine. 

Having now completed our remarks on the several points 
to wliich their I.ordships instructions directed our attention, 
we trust we have shewn, from the evidence of fficts derived 
from the experience of many years, as well as by the opinions 
not only of scicntitic, but })rofessional, men, the efficacy of ]Mr. 
Harris’s lightning conductors ; and considering the number of 
lives which have been lost by lightning ; the immense amount 
of property wiiich has been <lestroyed, as shewn by Mr. 
Harris, and is still expos^ed without adequate ])votectlon ; the 
inconvenience has arisen, and is still liable to arise, from 

the the ser\ ices of ships at moments of great critical 

Viltfportance ; the dilliculty of procuring new spars in times of 
war on foreign stations, (not to mention the great expense of 
wages and victuals for the crews of ships while rendered iisfi- 
less till repaired ; we again beg to state our unanimous 
opinion of the great advantages possessed by Mr. Harris’s 
conductors above every other plan, affording permanent 
security at all times, and under all ciicur.istanccs, against the 
injurious effects of lightning, effecting this protection without 
any nautical inconvenience or scientific objection whatever, 
and we therefore most earnestly recommend their gencial 
adoption in the Royal Navy, 

We have &c, (signed) 

A. M. GiiiFFiTus, Rear-Admiral. 

Jas. a. Goudo^j, Rear-Admiral. 

Jas. Claukk Ross, (’aptain. 

• i. J. F. Daniell, Professor of Chemistry. 

Jno. Fin GUAM, Master Shipwright. 


II. yl Letter to Professor Faraday^ on certain Theoretical 
Opinions. By 11. Hark, M. J)., Professor of Chemistry 
in the University of Pennsylvania."^ 

Dear Sir, 

1 have been indebted to yyur kindness for sc\cral pamphlets 
comprising your researches in electricity, which I have perused 
with the greatest degree c»f interest. 

You must he too vvell aware of the height at which you 
stand, in the e&ti»e,atioii of men of stdence, to doubt that 1 


* (. oiTitniinicalt«l by the Authev. 
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cntertam with diiRdencc, any -opinion in opposition to yours. 

I may say of you as in a former instance of Berzelius, that 
you occupy an elevation inaccessible to unjustifiable criticism. 
Under tliese circumstances, 1 hope that I may, from you, 
experience the candor and kindness which \vcrc displayed by 
the great Swedish chemist in his reply to my strictures on his 
nomenclature. 

1 am unable to reconcile the language which you hold in 
paragraph 1615, wdth the fundamental position taken in 1155. 
Agreeably to the latter, you believe ordinary induction to bo 
the action of cunlitjuous parricles, consisting of a species of 
polarity, instead of being an action of either particles or 
masses at sensible distances'^ Agreeably to the former, 
you conceive that assuming a perfect vacuum was to 
intervene in the course of the line of inductive action, it 
docs not follow from this theory that the line of particles ou 
opposite sides of such a vacuum would not act upon each 
other.” Again, supposing “ it possible for a positively elec- 
trified panicle to be in the (‘cntrc of a vacuum an inch in 
diameter, nothing in my jwesent view forbids that the particle 
should act at a distance of iRilf an inch on all the particles 
forming the disk of the inner superficies of the bounding 
sphere.” 

Laying these quotations before you for reconsideration, I 
bog leave to impure how a positively excited particle, situated 
as above described, can react “ indue trie ally” with any par- 
ticles in the superficies of the siirroiimling sphere, if this 
species of reaction require that the particles betw een which it 
takes place be contiguous. Moreover if inducti#n be iiot 

an action either of particles or masses at sensible distances,” 
how can a particle situated as abdve described, “ act at the 
disteyice of half an inch on qll the particles forminej the disk 
of the inner superficies of the bounding sphere V What is a 
sensible distance, if half an inch is not ? 

How can the force thus exercised obey the “ well known 
law of the squares of the distances,” if as you state (1375) the 
rarefaction of the air docs not alter the intensity of the induc- 
tive action ? In proportion as the air is rarefied, da not its 
particles become more remote? 

Can the ponderable particles of a gas be deemed contiguous 
in the true sense of this word, under any circumstances? And 
it may be well here to observe, that admitting induction to 
arise from an affection of intervening ponderable atoms, it is 
difficult to conceive that the intensity of this affection will be 
inversely as their number as alleged by you. No such law holds 
good in the communication of heat. The air in contact with 
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a surface at a constant elevation of temperature, such for 
instance as might be supported by boiling water, w^ould not 
become hotter by being rarefied, and consequently could not 
become more efficacious in the conduction of heat from the 
heated surface to a colder one in its vicinity. 

As soon as I commenced the perusal of your researches on 
this subject, it occurred to me that the passage of electricity 
through a vacuum, or a highly rarefied medium, as demon- 
strated by various experiments, and especially those of Davy, 
was inconsistent with the idea that pondcrai3le matter could 
be a necessary agent in the process of electrical induction, I 
therefore inferred that your efforts would be primarily directed 
to a re-examination of that (question. 

If induction, in acting through a vacuum, be propagated 
in right lines, may not the curvilinear direction which it pur- 
sues, w hen passing through ‘‘ dialectrics,” be ascribed to the 
modifying influence which they exert ? 

If, as you concede, electrified particles on opposite sides of 
a vacuum can act upon each other, wherefore is the received 
theory of the mode in which the excited Sxirface of a Leyden 
jar induces in the opposite surface, a contrary state, objec- 
tionable? 

As the theory wliich you have proposed, gives great im- 
portance to the idea of polarity, 1 regret that you have not 
defined the meaning which you attach to this w ord. As you 
designate that to which you refer, as a species of polarity,” 
it is presumable that you have conceived of several kinds with 
which ponderable atoms may be endowed. I find it difficult to 
cofleeive any kind which maybe capable of as many degrees 
of intensity as the known jflienomcna of electricity re([uire ; 
especially according to your opinion that the only diffci’ence 
betw^cen the fluid evolved by galvanic apparatus an(b that 
evolved by friction, is due to opposite extremes iii quantity 
and intensity : the intensity of electrical excitement producible 
by the one, being almost infinitely greater than that which 
can be produced by the other. What state of the poles can 
constitute quantity — what other state of intensity, the same 
matter being capable of cither electricity, as is well knowm to 
be the fact? AVould it not J>c well to consider how, con- 
sistently with any conceivable polarization, and without the 
assistance of some imponderable matter, any great difference 
of intensity in inductive power, can bo created ? 

When by fi’iction the surface ia polarized so that particles 
are brought into a state of constraint from which they endea- 
vor to return to their natural state, if nothing be superadded 
to them, it ynust be supposed that they have poles capable of 
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existing ill two different positions. In one of these positions, 
dissimilar poles coinciding, are neutralized ; while in the other 
position, they are more remote, and consequently capable of 
acting upon other matter. 

But I am unable to imagine any change which can admit 
of gradations of intensity, increasintj w'ith remoteness. 1 can- 
not figure to myself any reaction which increase of distance 
w'ould not lessen. Much less can I conceive that such 
extremes of intensity ban be thus created, as those of which 
you consider the existence as demonstrated. It may be sug- 
gested that the change of polarity produced in particles by 
electrical inductions, may arise from the forced approximation 
of reciprocally repellent poles, so that the intensity of the in- 
ductive force, and of their effort to return to their previous 
situation, may be susceptible of the gradation which your 
electrical doctrines reejuire. But could the existence of such 
a repellent force be consistent with the mutual cohesion which 
appears almost universally to be a property of ponderable 
particles ? I am (fw^at’e that, agreeably to the ingenious hy- 
pothesis of Mossotti, ropulsibn is an inherent ])roperty of the 
particles whicdi we call ponderable ; but then he assumes the 
existence of an imponderable fluid to account for cohesion ; 
and for the necessity of such a fluid to account for induction 
it is my ultimate object to contend. 1 would suggest that it 
can hardly be expedient to ascribe the phenomena of electri- 
city to the ])olarizatiou of ponderable particles, unless it can 
be shewn that if admitted, it Avould be (*oinpetcnt to produce 
all the known varieties of electric excitement, wheflicr as* to 
its nature or energy. 

If I comprehend your theory, th*c opposite electrical state 
induced on one side of a cioated pane, when the other is 
directly electrified, arises from an affection of the intervening 
vitreous particles, by which a certain polar state caused on 
one side of the pane, induces an opposite state on the other 
side. Each vitreous particle having its poles severally in 
opposite states, they are arranged as magnetized iron filings 
in lines ; so that alternately opposite poles are presented in 
such a manner that all of one kind are exposed at one surface, 
and all of the other kind at the other surface. Agreeably to 
this or any other imaginable view of the subject, I cannot 
avoid considering it inevitable that each particle must have at 
least two poles. Jt seems to me that the idea of polarity re- 
quires tftat there shall be in any body possessing it, two 
opposite poles. Hence you correctly allege that agreeably to 
your views it is impossible to charge a portion of matter with 
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one electric force without the other. {See par. 1177.) I3ut 
if all this be true, how can there be a “ positively excited par- 
ticle?” (See par. 16 Ui.) Must not every particle be excited 
negatively, if it be excited positively ? Must it not have a 
negative, as well as a positive pole ? 

1 cannot agree with you in the idea that consistently with 
the theory w hich ascribes the phenomena of electricity to one 
fluid, there can ever be an isolated existence either of the 
positive or negative state. Agreeably to this theory, any ex- 
cited space, whether minus or plus, must have an adjoining 
space relatively in a diflerent state. Between the phenomena 
of positive and negative excitement there wdll be no other 
distinction than that arising from the direction in which the 
fluid .will endeavor to move. If the excited space be positive, 
it must strive to flow outward ; if negative, it will strive to 
flow inw'ard. When sufficiently intense, the direction wdll be 
shewn by the greater length of the spark, when passing from 
a small ball to a large one. It is tilways longer when the 
small ball is positi\(j, and the large on6 ifegative, than when 
their positions are reversed.^ 

But for any current it is no less necessary that the pressure 
should be on one side comparatively minus, than that on the 
other side, it should be comparatively plus ; and this state of 
the forces must exist whether the current originates from a 
hiatus before, or from pressure behind. One current cannot 
differ essentially from another, however they may b^ pro- 
duced. 

*ln par?tgTaph 1 15^10, I have been struck with the following 
query, Vvliat then is to separate the principle of these ex- 
tremes, perfect conduction and perfect insulation, from each 
other; since the moment wx‘ loavo the smallest^ degree of 
perfection at cither extremity, we involve the element of per- 
fection at the o[)posite ends?” Miglit not this query be made 
with as much reason in the case of motion and rest, between 
the extremes of which there is an infinity of gradations ? If 
we are not to confouiul motion with rest, because in proportion 
as the former is retarded, it differs less from the latter ; 
wherefore should wo coiifoiuid insulation with conduction, 
because in proportion as the one is less efficient, it becomes 
less remote from the other? 

In any case of the intermixture of opposite qualities, may 
it not be said in the language whieh you employ “ the moment 
we leave the clement of perfection at one extremity, wc in- 


* See vol. 1. p. 489, of these Annalif* 
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volve the element of perfection at the opposite.*’ Might it not 
be said of light and darkness, or of opaqueness and transUi* 
cency ; in which case to resort to your language" again, it 
might be added especially as have not in nature, a case 
of perfection at one extremity or the other.” Hut if there be 
not in nature, any two bodies of which one possesses the pro- 
perty of perfectly resisting tlie passage of electricity, while the 
other is endowed with the faculty of permitting its passage 
witliout any resistance ; does this affect the pi’opriety of con- 
sidering the qualities of insulation and conduction in the 
abstract, as perfectly distinct, and inferring that so far as 
matter may he endowed with the one property, it must be 
wanting in tlie other ? 

Have you ever known electricity to pass through a pane 
of sound glass? My knowledge and experience create an 
iinprc&sion that a coated pane is never discharged through the 
glass unless it be cracked or perforated. That the property 
by which glass resists the passage of electricity, can be con- 
founded with that whi^;h enables a metallic wire to permit of 
its transfer, agreeafily to WJieatstonc’s experiments, with a 
velocity greater than that of the solar rays, is to my mind 
inconceivable. . * 

You infer that the residual charge of a battery arises from 
the partial penetration of the glass by the opposite excite- 
ments. But’ if glass be penetrable by electricity why does it 
not pass through it without a fracture or perforation ? 

According to your doctrine, induction consists ‘‘in a forced 
state of polarization in contiguous rows of the particles of t^e 
glass” (1300) ; and since this is propagated from oiic side to 
the other, it must of course exist ccpaally at all depths. Yet 
the partial penetration suggested by you, supposes a collaceral 
aftcctibn ofrfhe same kind, expending only to a limited depth. 
Is this consistent ? Is it not more reasonable to suppose that 
the air in the vicinity of the coating gradually relinquishes to 
it a portion of free electricity, conveyed into it by what you 
call “ conveclionJ'* The coating being equally in contact with 
the air and glass, it appears to me more easy to conceive that 
the air might be penetrated by the excitement, than the glass. 

In paragraph 1300, I observe the f^illowing statement : 
“ JV/ien a Leyden Jar is charged, the particles of the glass 
are forced into this jiolarized and constrained condition by 
the electricity of the charging apparatus. Discharge is the 
return of .the particles to thdir 9iatnrnl state, from their state 
of tension, whenever the two electric forces are aUoiccd to he 
disposed of in some other direction"' As you have not pre- 
viously mentioned any particular direction in which the forces 
VoL. V — No. 25, July, 1840. D 
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are exercised during llie prevalence qf tliis constrained con- 
dition, I am at a loss as to what meaning 1 am to attach to 
the words “ some other direction.” The word some^ would 
lead to the idea that there was an uncertainty respecting the 
direction hi which the forces might be disposed of ; whereas 
it appears to me that the only direction in which they can 
operate, must be the opposite of that by which they have 
been induced. 

The electrified particles can only ‘‘ return to their natural 
state” by retracing the path by which tliey departed from it. 
I would suggest that for the words “ to be disposed of hi some 
other directiony' it would be better to substitue the following, 
‘‘ to compensate each other by an adequate eommunicationr 

Agreebly to the explanation of the phenomenon of coated 
electrics afforded in the paragraph above quoted (1300), by 
what process can it be conceived that the opposite polariza- 
tion of the surfaces can be neutralized by conduction through 
a metallic wire ? If I understand your hypothesis correctly, 
the process by which the i)olarization ^of one of the vitreous 
surfaces in a pane produces an opposite polarization in the 
other, is precisely the same as that by which the electricity 
applied to one end of the wire extends Uself to the other end. 

I cannot conceive how two processes severally producing 
results so diametrically opposite as insulation and conduction, 
can be the same. 13y the former, a derangement of the elec- 
tric equilibrium may be permanently sustained, while by the 
other, all derangement is counteracted with a rapidity almost 
infinite. lint if the opposite charges are dependent upon a 
polarity induced in contiguous atoms of the glass, which 
endures so long as no coq^raunication ensues between the sur- 
faces ; by what conceivable process can a perfect conductor 
cause a discharge to take pldfce, with a velocity at 16ast as 
great as that of the solar light? Is it conceivable that all the 
lines of contra-induction” or depolarization can concentrate 
themselves upon the wire from each surface so as to produce 
therein an intensity of polarization proportioned to the con- 
centration ; and that the opposite forces resulting from the 
polarization are thus reciprocally compensated? I must 
confess, such aconcentratiutrof such forces or states, is to me 
diificult to reconcile with the conception that it is at all to be 
ascribed to the action of the rows of contiguous ponderable 
particles. 

Does not your hypothesis require that the metallic particles, 
at opposite ends of the wire, shall in the first instance be 
subjected to the same polarization as the excited particles of 
the glass ; and that the opposite polarizations, transmitted to 
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some intervening point, should thus be mutually destroyed, 
the one by the other ? But if discharge involves a return to 
the same state in vitreous particles, the same must be true in 
those of the metallic wire. Wherefore then arc these dis- 
sipated, when the discharge is sufficiently powerful ? Their 
dissipation must take place either while they are in the state 
of being polarized, or in that of returning to their natural 
state. But if it happen when in the first mentioned state, 
the conductor must be destroyed before the opposite polariza- 
tion upon the surfaces can be neutralized by its intervention. 
But if not dissipated in the act of being polarized, is it reason- 
able to suppose that the metallic particles can be sundered by 
returning to their natural state of depolarization ? 

Supposing that ordinary electrical induction could be satis- 
factorily ascribed to the reaction of ponderable particles, it 
cannot, it seems to me, be pretended that magnetic and 
electro-magnetic induction is referable to this species of re- 
action. It will be admitted that the Faradian currents do not 
for their productioi\ require intervening ponderable atoms. 

From a note subjoined t 4 ) page 37 of your pamphlet, it 
appears that on the question of the existence of one or more 
imponderable fluids as the cause of electrical phenomena, it 
has not been you intention to decide.” 1 should be much 
gratified if any of the strictures in which I have been so bold 
as to indulge, should contribute to influence your ultimate 
decision. 

It appears to me that there has been an undue disposition 
to burden the matter, usually regarded as such, with more 
duties than it can perform. Although it is only with the pro- 
perties of matter that we have a disect acquaintance, and the 
existence of matter rests upon a theoretic inference that since 
we perceiiwj properties, thefe must be material particles to 
which those properties belong ; yet there is no conviction 
which the mass of mankind entertain with more firmness than 
that of the existence of matter in that ponderable form, in 
which it is instinctively recognized by people of common 
sense. Not perceiving that this conviction can only be sup- 
ported as a theoretic deduction from our perception of the 
properties ; there is a reluctance to «dmit the existence of 
other matter, which has not in its favor the same instinctive 
conception, although theoretically similar reasoning would 
apply. But if one kind of matter be admitted to exist 
because we perceive properties, the existence of wdiich cannot 
be otherwise explained, are we not warranted, if we notice 
more properties than can reasonably be assigned to one kind 
of matter, to assume the existence of another kind of matter ? 
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Independently of the considerations which have heretofora 
led some philosophers to suppose that we are surrounded by 
an ocean of electric matter, which by its redundancy or defi- 
ciency, is capable of producing the phenomena of mechanical 
electricity, it has appeared to me inconceivable that the phe- 
nomena of galvanism and electro-magnetism, latterly brought 
into view, can be satisfactorily explained without supposing 
the agency of an intervening imponderable medium by whose 
subserviency the inductive influence of currents or magnets is 
propagated.* If in that wonderful reciprocal reaction between 
masses and particles, to which I have alluded, the polarization 
of condensed or accumulated portions of intervening impon- 
derable matter, can he brought in as a link to connect th<3 
otherwise imperfect chain of causes ; it would appear to me a 
most important instrument in lifting the curtain which at 
present hides from our intellectual vision, this highly impor- 
tant mechanism of nature. 

Having devised so many ingenious experiments tending to 
show that the received ideas of electrical induction are inade- 
quate to explain the phenomena without supposing a modify- 
ing influcnc.c in intervening ponderable matter, should there 
prove to be cases in which the results cannot be satisfactorily 
explained by ascribing to tliem ponerablc particles, I hope 
that you may be induced to review the whole ground, in order 
to determine whether the part to be assigned to contiguous 
ponderable particles, be not secondary to that performed by 
the imponderable principles by which they arc surrounded. 

But if galvanic phenomena be due to ponderable matter, 
ev*dentlj^that matter must be in a state of combination. To 
what other cause than ay intense aflinity between it and tho 
metallic particles with which it is associated, can its confine- 
ment be ascribed consistently w'lth your estiriiato ^f the* enor- 
mous quantity which exists in metals? If “a grain of water 
or a grain of zinc^, contain as much of the electric fluid as 
would supply eight hundred thousand charges of a battery 
containing a coated surface of fifteen hundred square inches,” 
how intense must be the attraction by which this matter is 
confined ? In such cases, may not the material cause of clec- 


♦ Tins view is precisely that which we have given at page 270, vol. 1, of these 
Annals; and, consequently, in .Uriel coiiformity with the theory of elcelro- 
magnetisin and magnetic electriciry, which we have there explained. We are 
glad to find an acknowledgement i.f the principles of our theory from so eminent 
an experimental philo-sopher a.s Ur Hare; it give.s us .some liopes that it will 
goon be more generally acknowledged as allhrding the simplest and most 
natural mode of explaining electro-magnetic and magnetic-electrical pheno- 
meqa, that has hithsrto been oflered to the notice of philosophers.— Edit. 
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tricity be considered as latent, agreeably to the suggestion of 
OErsted, the founder of electro-magnetism ? It is in combi- 
nation with matter, and only capable of producing the appro- 
priate effects of voltaic currents when in act of transfer from 
combination with one atom to another ; this transfer being at 
once an effect and a cause of chemical decomposition, as you 
have demonstrated. 

If polarization, in any form, can be conceived to admit of 
the requisite gradations of intensity, which the phenomena 
seem to demand ; would it not be more reasonable to suppose 
that it operates by means of an imponderable fluid existing 
throughout all space, however devoid of other matter ? May 
not an electric current, so called, be a progressive polariza- 
tion of rows of the electric particles, the polarity being pro- 
duced at one end and destroyed at the other incessantly, as I 
understood you to suggest in tlie case of contiguous ponderable 
atoms. 

When the electric particles within different wires are polar- 
ized in the same tangential direction, the opposite poles being 
in proximity, there will be attraction. When the currents 
of polarization move oppositely, similar poles coinciding, there 
will be repulsion. TUo phenomena recpiire that the mag- 
netized or polarized particles should be arranged as tangents 
to the circumference, not as radii to the axis. Moreover, the 
progressive movement must be propagated in spiral lines in 
order to account for rotatory influence. 

Between a wire which is the mean of a galvanic discharge, 
and another not making a part of a circuit, the electric matter 
which intervenes may, by undergoing a polarization, become 
the medium of producing a progressive polarization in the 
second wire moving in a direction opposite to that in the 
induci\ig wire ; or in other Vords an electrical current of 
the species called Faradian may be generated. 

By progressive polarization in a wire, may not stationary 
polarization, or magnetism be created ; and reciprocally by 
magnetic polarity, may not progressive polarization be excited ? 

Might not the difficulty, above suggested, of the iiicompc- 
tency of any imaginable polarization to produce all the varie- 
ties of electrical cxcitemeut which facts require for explanation, 
be surmounted by supposing intensity to result from an accu- 
mulation of free electric polarized particles, and quantity from 
a still greater accumulation of such particles, polarized in a 
latent state or in chemical ciimbination ? 

There are, it would seem, many indications in favour of 
the idea that electric excitement may be due to a forced po- 
larity, but in endeavouring to define the state thus designated, 
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or to explain by means of it the diversities of electrical charges, 
currents and clfccts, I have always felt the incompetency of 
any hypothesis which I could imagine. How are we to ex- 
plain the insensibility of a gold leaf electroscope, to a galvan- 
ized wire, or the indifference of a magnetic needle to the most 
intensely electrified surfaces ? 

Possibly the Franklinian hypothesis may be combined with 
that above suggested, so that an electrical current may be 
constituted of an imponderable fluid in a state of polarization, 
the two electricities being the consequence of the position of 
the poles or their presentation. Positive electricity may be 
the result of an accumulation of electric particles, presenting 
poles of one kind ; negative, from a like accumulation of the 
same matter with a presentation of the opposite poles, inducing 
of course an opposite polarity. The condensation of the elec- 
tric matter, within ponderable matter, may vary in obedience 
to a property analagous to that which determines the capacity 
for heat, and the different influence of dialectrics upon the 
process of elc(ttrical induction may arise, from this source of 
variation. • 

With the highest esteem, 1 am yours truly, 

' lloBBUT Hake. 


III . — Description of a Kew Electro-tome. By 
Thomas Wuight, Esq. In a Letter to the Editor. 

Sir, 

I havejately contrived a self-acting Electro-tome, an account 
of whiciri send you herewith, in hope that you may think it 
w orthy of insertion in yoyr valuable journal. 

I am, Sir, 

Yours respectfully, • • 

Thomas Wright. 

Knutsford, 2Uh March, 1810. 

In fig. 1. pi. I, A is the end of an electro-magnetic coil, to 
which it is desired to apply the Electro-tome, Bis a block of wood 
morticedinto the foot-board of the machine, through which pass 
the small brass bars C 1) and E F ; at D issoldewid a copper wire, 
which is bent round the end of the bar E F, so as to form a 
spring pressing on the same at G ; to the end of the spring at 
G is soldered a piece of tinned iron H, one inch broad and 
three inches long, bent in a U form as shewn at I. On the 
bar C D is a binding screw at D‘, and one end of the primal 
wire of the coil is soldered to E. 

To put the machine in action, one of the poles of a battery 
is screwed into D, and the other to the unattached end of the 
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primal wire ; by this means the current passes along I) G E, 
through the coil, and out at li, magnetizing the core of iron 
wires in the coil, these immediately attract the piece of tinned 
iron II, and thus contact is broken at G with inconceivable 
rapidity : indeed, when the spring is bent close, and the mag- 
net is approximated very nearly to the wires, the motion of 
the break produces a continued loud hum ; the shocks how- 
ever are not so strong as when the magnet is further from the 
break, and more time thus allowed for the developemeiit of 
magnetism in it. 

The electro-magnet which I employ is formed of a bundle 
of annealed iron wires, two feet long and about half an inch 
in diameter ; over this is coiled forty yards of copper wire, 
1-lOthof an inch thick, (this is too thick when a small battery 
is intended to be used,) and over this, soldered to it, anS 
forming one continuous coil, are wrapped 100 yards of copper 
wire, 1-1 5th of an inch thick ; the battery connexions are 
made with the ends of the primal or thick wires ; the shocks 
and decompositions are obtained from the whole length. 

The primal current of this magnet gives a strong shock ; 
(even with three square inches of zinc in the battery described 
hereafter ;) the shock from the whole length is however intol- 
erable, when the ends of the wires are touctied with small 
pieces of tinned iron held between the dry tips of the finger 
and thumb of each hand ; and when the cylindrical conductors 
attached to the machine are held loosely with dry hands, a 
continued crackling is heard, as if the electric fluid was pass- 
ing through the thin space of air between the conduf^ors a^d 
the hands."^ 

Mercury must not on any^accouKt be used as part of the 
electrq-tome to the above evil, as the greater part of the 
secondary Current passes in tbe dense and vaporous spark, 
occasioned by the combustion of that metal. 

Instead of copper in the battery, I use common tea-chest lead, 
which I find to answer better. It is prepared by cutting strips 
of it in the form of a feather, so as to otter a great number of 
points for the conduction of the electric fluid, these are then 
placed round the inside of ajar, and the ends turned over the 
rim, and bound in their places with a bright copper wire firmly 
twisted round them, to serve as negative, conductor. 'I'hc 
zinc and diaphragms as in Daniels, the solutions as in Mullin's 
batteries. 

I 

Since the receipt of this letter, we have been favored with a sight of Mr. 
Wright^s very neat instrument, at the Royal Victoria Gallery of Practical 
Science, Manchester ; and can testify as to its powers Ihlly answering to the 
description.— E DiT. 



32 Mr. AVright’a Ntw Electro^magnetic Machine. 

IV. — Description of a New Electro-magnetic Machine 

By Thomas Wright, Esq. In a Letter to the Editor* 

Dear Sir, 

The following description of an f^lectro-magnetic Machine 
will, 1 hope, prove interesting to the readers of your 
•‘Annals.” 

I am 

\ours respectfully, 

Thomas Wright. 

KiiutsforJ, March iS, 1840. 

Fig. 2, gives a sectional view of the apparatus. It consists 
of two concentric cylinders of copper joined together at the 
bottotti ; the inner one A encloses an electro-magnetic coil, 
the end of the bobbin appearing at the top. The dotted line.s 
represent concentric cylinders of porous earthenware, with a 
cylinder of zinc between them. 'I'o the cylinder A is soldered 
a wire at B, bearing a U shaped piece of tinned iron at its 
extremity, and pressing with a slight fjprmg against C, which 
is a bent brass bar in conjuiu'tion with one enil of the primal 
coil. I) is the other end of the primal coil attached by a bind- 
ing screw to the zinc ; this is a modificvjition of my self-acting 
electro-tome. Tlu' primal and thin coils arc joined to form 
one coil ; tlic end of the thin coil is attached to the binding 
screw on the bobbin at E. The sho(*k is taken from thin 
spirals attached to C and E; sparks, &c, from wires attached 
to C and D. . . ^ ' 

^Professor Henry has found that electric induction does not 
take*, place (or very imperfectly) when a closed circuit is inter- 
posed between the primaland sq|ierimposcd coils ; but I have 
not seen it remarked that magnetic induction follows the 
same law. Ihe following expdl-iment however setms to shew 
that it docs : — 

Being desirous of getting rid of the oxidizing spark which 
takes place on the breaking of the battery cuirent, [ joined 
the two brass bars of the electro-tome, described in my last 
letter with a fine iron wire two yards long,* in hopes that the 
secondary current, on account of its superior intensity, WT)uld 
pawss through it, though the<)attery current could not. This 
answered my expectation fully ; the break continued to work 
HS usual and the spark disapjxMred entirely. [This experi- 
ment was j)crfoTiiied in the diark.] 

* I am afraid I siial! be pedantic if I call tliis wire the 'Meutcrode,” 

OT ‘‘ path of the sccontlury curr^^wi, but as I hope to maM it a source of tttiufy 
in another course of experituents, I have thoughi K advisable to give it a spo- 

name. 
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1 then took hold of the ends of the super-imposed coil, and 
was much surprised to find that it did not give the slightest 
shock, even when its extremities were placed in the mouth : 
thinking that the insulation must be imperfect, I disjoined the 
‘‘ dentorode,” the shocks were then as powerful as usual, but 
enjoining it again they instantly ceased. 


V — Deficription of an Electro-magnetic Engine, 

By Mr. Criah Clxrke, In a Letter to the Editor. 

Sir, 

Enclosed I send you (for publication in the Annals, if you 
please,) a drawing and description of, as I think, an original 
mode of applying voltaic agency for the purpose of acquiring 
motive power.. Among the varied forms of rotatory move- 
ments, hitherto made public, I believe' the general principle 
has been to apply the magnetic action in a lateral manner. 
This circumstance, togpthcr with the very limited sphere of 
action of even the most poweifful magnets, has, perhaps, been 
the cause why large machines and small ones have been so 
disproportioned in theJr effects, that .the latter seem to furnish 
no data for calculating the power of the former. 

In the machine which 1 am aboiit to describe to you, the 
magnet is niade to act in a direct manner upon a reciprocating 
bar, wh’^ch bar communicates its motion to a crank, just at the 
most favorable point, viz., when it (the crank) is nearly in a 
horizontal position, and wHen the bar is making a close ap- 
proach to the magnet ; consequently, the most intense action 
of the magnet is applied to tl]|e cranjt in that part of its revo- 
lution where it is most effective. Now, a slight consideration 
of tlie*prinoiple of the crank v^ill shew the importance of this 
object, which is obtained by joining the reciprocating bar to 
the crank, by means of a chain, or other flexile communica- 
tion. (IIow far this principle may be applicable for maxim- 
izing the effect of a given power upon cranks generally, I leave 
with mechanics to determine — it is indispensab’e here.)— 
When the crank has moved below the lurizontal position, the 
reciprocating bar falls upon a vest, which prevents any per- 
cussion taking place on the ends of the magnet. The bar 
remains upon the rest until the crank has made the lower 
part of its revolution, during which time contact with the bat- 
tery is broken, and the bar, of course, is disengaged from the 
magnet ; it (the bar) is then lifted by the crank, as it passes 
over the centre, when battery communication being again 
made, another impulse is given. It will, no doubt, occur to 
Voi.. V. — No. 25, Juney 1840. El 
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you, that a number of magnets may be used with a succession 
of cranks. I trust that figure 3, plate 1, will be sufficiently 
intelligible. A is the chain communicating between the bar 
and crank. B is the reciprocating bar, and C is the electro- 
niagn(?t. The break is here omitted to avoid confusion. I 
effect it l)y means of a small eccentric upon the shaft of the 
fly-wheel. I would observe, in conclusion, that the above 
contrivance is not a mere embryo of the mind ; for I have now 
a working model in actual operation, wliich 1 invented nearly 
two years ago. It has been at work occasionally for the last 
eighteen months, and, as 1 have made no secret of it, it has 
been scon by a great number of professional gentlemen and 
scientific friends, amongst whom I take the liberty of naming 
a friend and correspondent of yours, Mr. James Mitclicll, of 
this place. 

I am, Sir, 

Very respectfully yours, 

Uriah Clarke, 


I.eicestpr, March 16th, 1S40. 


VI, — On the new Metal LataniiwK ^ By James C. Booth 
ANT) CaMPRELL MoUITT. 

[From the .lournal of tlie Franklin Institute ] 

A notice of the discovery of this element having already 
appeared in one of our Scientific Journals, it occurred to us 
that an account of some of our ex])erimeiits with it miglit pre- 
sept a §uhject of sulUcient interest to the readers of the 
Institute Journal. 

The name is deiivcd fr^m the Greek Xarmjft/', to lie hid;* 
it is called in Swedish and German, Lantan, hut in ICnglish 
Latanium, for the .sake of eupliofiy and in accordaifce w ith the 
generally received termination of the names of the elements. 
The ordinary method of obtaining cerium by precipitation 
with the hisulpliate of ])otassa, threw' down a bi-salt of Lata- 
nium at the same time, the latter coii'^tituting two-fifths of 
the whole saline mass. The method of separating the two 
depends on the ready solubility of oxide of latanium in diluto 
acid after ignition, a property lost by cerium under the same 
circumstances. From its nitric solution, it may be best 
thrown down as a white, cluystaline carbonate, by carbonate 
of ammonia, and from this its other Cf)mpoiuids may bo formed. 
The dry chloride lieated with phtassium was reduced to a 
grey metallic powder possessing a dark lead-color, and capa- 


* From it<i ronooalment hitherto in Hip oompouinls of cerium. 
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ble of being flattened together by pressing. It is slowly con- 
verted into oxide in the air, and in cold water into a hydrated 
oxide with the evolution of hydrogen. An clFervcsccnce takes 
place in hot water. 

It has two isomeric states. The ordinary salts possess a 
faint reddish tinge, but when the yellowish red oxide is heated 
in hydrogen gas, it becomes white with a faint shade of green, 
and dissolves with more difficulty in acids, forming salts which 
possess a greenish hue. 

With bisiili)hatc of potassa it forms a slowly soluble salt, 
which, however, docs not precipitate like the corresponding 
salt of cerium, unless the latter be also present in the solu- 
tion. Its atomic weight is lower than that adopted for the 
oxide of cerium. 

The above notice is mainly extracted from Rorzclius’ letter 
to Poggondortf, publisbed in Nos. 4 and 5 of Poggend. An- 
nals for the present year. Our experiments were as follows: 

Having prepared the sulphate of cerium and potassa by the 
ordinary methods fi;oni,the mineral cerite, it was dissolved in 
a large quantity of boiling w;^ter, and the hydrated oxides of 
cerium and lataniuin precipitated by caustic potassa, lliese 
were dissolved in uitMc acid after being thoroughly washed, 
evaporated to dryness, and heated in a platinum crucible until 
all the nitric acid was expelled. The oxides remained of a 
light reddish brown color, and were transferred to a glass con- 
taining iiitri(* acid diluted with 00 to 80 times as much w'atcr. 
After digesting about two hours in a gentle warmth, the 
latanium was dissolved and oxide of cerium remained of^a 
I'eddish-brown color. The solution treated witli caustic po- 
tassa threw down the white hydrvled oxide ot latanium, 
much more bulky and gelatinous in appearance than alumina. 
It is exceedingly difficult, if hot impossible, to wash it out 
thoroughly, for after edulcoration for several days, the liquid 
passing through the filter still gave indications of a solid mat- 
ter, and almost led to the belief that the oxide was slightly 
soluble in water. 

On re-dissolving hydrated oxide in nitric acid, evaporating 
to dryness, and heating to redness, the dry oxide remained 
of a brick-rod color, differing therefore from the oxide of ce- 
rium by a lighter hue, and by containing less of a brownish 
shade. On treating this oxide as before with very dilute 
nitric acid, a small portion of oxide of cerium remained, prov- 
ing that this mode of separating the two metals is not ac- 
curate, and that we must await further experiments for the 
discovery of a more perfect method. 

Carbonate of latanium, as thrown down by carbonate 
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of soda, is a voluminous white precipitate, and, like the 
hydrated oxide, very difficult of, edulcoratioii, for after obtain- 
ing the chloride from it, crystals of common salt were also 
visible- Agreeably to the observations of Mosander, there- 
fore, the carbonate of ammonia is the best precipitant. 

Sulphate of laianiiim is readily formed by the solution of 
the oxide, or carbonate, in dilute sulphuric acid, evaporation 
to a small bulk by heat and exposure to self-evaporation, while 
delicate needles of a flesh-red color collect in little groups on 
the bottom of the capsule. 

The chloride is similarly formed by means of chloro-hydvic 
acid and evaporation. It forms a light yellowish green crys- 
talinc mass, * * in whicli no determinate form was observed. 

The quantiiy of latanium in our possession was so small, 
amounting only to a few grains, that the operations were ne- 
cessarily conducted slowly, and prevented our pursuing them 
quantitatively. Should we be enabled to obtain a larger 
amount, we may give more interesting results, without, how- 
ever, trespassing on the field legitimately belonging to the 
discoverer. 


VII . — Eemarks on the Imperfect Elasticity of Glass Threads 
used in Torsion Instruments, By W. H. Goode, 
Chemical Assistant in the Laboratory of the University 
of the City of New York. 

[From the .lournal of the FranKliu Institute.] 

• « 

From the superior elasticity which glass enjoys over most 
substances, particularly ihe metals, threads of this material 
have replaced the metallic wires with which the needles of 
torsion instruments were at first suspended. Ulie late Dr. 
Ritchie employed them in his improved torsion galvanometer, 
which emulates the torsion balance of Coulomb, for accuracy 
in measuring small forces. It is necessary, however, to the 
perfection of torsion instilments, that the elasticity of the 
thread of suspension, though a feeble, should be a constant 
force ; and also that the tliread itself should suffer no altera- 
tion of its conditions by the amount of force exerted upon it. 
Perfectly clastic substances only, fulfil these requirements; on 
all imperfectly clastic bodies torsion acts irregularly, and im- 
presses a change upon them w^hich prevents their return to 
their no/mal position, after it has been removed ; such, for 
example, is the change effected in the conditions of metallic 
wires, filaments of silk, hair, &c., which, being imperfectly 
elastic, fail to return to zero when released from torsion. 
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The impression has become general that threads of glass, 
of a certain degree of tenuity, unlike the substances already 
mentioned, are not permanently affected by force exerted on 
them ; but arc capable always of regaining their original po- 
sition ; their elasticity is therefore considered to be porlof r, 

and measures effected with instruments to which tln^y are 
adjusted, rigidly accurate. Having observed that the needle 
of a galvanometer suspended by a glass thread did not return 
to zero, after the instrument had been employed in a series 
of observations, it became a subject of cjiquiry to ascertain 
the source of error. For this purpose, threads of different 
diameters were suspended, in a manner similar in all respects, 
to that of a torsion balance. Two small uprights were placed 
on opposite sides of the little glass needle, near its opposite 
ends, which served as obstacles to it when torsion wms made, 
and prevented it from rotating along with the; micrometer. 
On some point of tlie thread, another little glass needle, car- 
rying an upright arm, w'as cemented. This arm served as an 
index for the threajfl, and marked its position on a sc ale pasted 
on the o])posite side of the, jar; it was observed through a 
small hole in a plate of metal, placed ten or fifteen inches 
distant; — an impicn^d method of observing a vertical index 
introduced by Professor Draper. 

The thread being freely suspended, its index and that of 
the mierometer at their respective zeros, a torsion of three 
revolutions of the micrometer was exerted on tlie thread for 
five minutes ; when released from this force it did not resume 
its position at zero, but varied from it in the direction oppej^site 
to tliat in which tiic torsion had been made. If the micrometer 
be now kept at zero, it will he fomid that the thread partially 
rccoyers itself, after tlie lapse of several hours ; the amount 
of error iff consequently diimnishcd, hut it never returns ac- 
curately to its original position. If instead of releasing the 
thread by returning the micrometer to zero, tlie thread be 
released from the ohstaedcs, the same result will be obtained ; 
in consequence of the impetus it reejuires in spinning round, 
this latter is probably the less accurate method of observa- 
tion. 

A variety of experiments t\'ere performed with different 
threads, to ascertain if the alteration of the zero bore any 
constant relation to the amount of torsion employed. If such 
were the case, a system of compensation could be adopted 
which would free instruments fitted with glass threads from 
error. 

The result of the observations made wdth one thread are 
given, for convenience, in a tabular form ; they are analogous 



38 On the Imperfect Elasticity of Glass Threads, 

to those obtained with others; and indicate that the amount 
of the alteration of the zero, for the same threads, for different 
degrees of torsion, bears no constant proportion to the amount 
of force employed. 


Table 1 . 


|No. of (Itgrecs 

1 of Torsion. 

1 

Error of 
Zero. 

Duration of 
Torsion. 

Thermometer 

ij 3G0’ 

2- 

5' 

70° 

2 720-' 

10' 

5 ' 

70° 

3| lOMO' 

i:r. 

5' 

70 > 

41 1440 

20- 

5' 

70° 


"riio tliormomctcr was carefully noted in these experiments, 
Jest the temperature of the room should vary during the pro- 
secution of them ; for it is not known ^\hat influence changes 
of temperature may exert on the elasticity of glass. After a 
lapse of twelve hours the tliread had itot ’returned to zero : 
another zero being assumed the following table of errors was 
obtained ; 


Table II. 


:No. of tlea^recs 

1 of Torsion. 

1 

Error. 

1 Diintlion of rm 

1 'I'orMon. ; Ihcrmometer 

i' ;i(;o 

2' 

' r>' 

70 

2l '■3G0- 

3 

5' 

70' 

3 3G0 

K 

' 5' 

70° 

4! 720' 

6- 

i 5' 

70' 

5| 1080' 

9' 

i' 5' 

foi 

G' 1440’ 

12° 

i 5' 

70 


Tho thread was now left freely suspended for two hours ; 
another needle and index were then adjusted to it, parallel 
to the first, but at twice the distance of the first from the 
micrometer : two points of the thread could now be observed 
and the cflect of torsion on rt double length noted. Up to 
1080 the error of its two indexes was the same in amount; 
for that degree of torsion, the farther index varied more from 
its zero than the nearer, and consequently required the 
micrometer to pass through a greater space to restore it to 
that point. For a torsion of 1440 ' the error of the more dis- 
tant index from the micrometer exceeded lhat of the nearer, 
three degrees. The tabular results are as follows ; 
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No. of (legfrecs 
of Torsion. 

Krror. 

Duration of 
'J'oision. 

Tlieimomeler 

1 

360^ 

3^ 

5' 

70^ 

2 

720' 

6^ 

5' 

70" 

3 

1080' 

6" 

5' 

70' 

4 

1440’ 


5' 

70' 


* Upper Index Lower one H \ 


The result indicated in the last experiment of the preceding 
table, has been observed to take place repeatedly when high 
degrees of torsion have been employed and continued for a 
long period. It is pro])abIy due to slight inequalities in the 
diameter of the threads and to their being differently annealed 
in different portions of their length ; force exerted on them 
would, under such circumstances produce more decided ef- 
fects on some portion* than on others, and the effort made by 
the thread to ret'over itself would also occasion in different 
parts of it, different degrees of error. 

All inspection of diese tables will shew that the whole 
amount of error, for each series of observations, is decreas- 
ing ; in the first it amounted 20 ’, in the second to 12% in 
the third to i'y\ It would therefore appear that a certain 
amount of lorsiou could be exerted on the thread tor a cer- 
tain period, for which it would afford no error of the zero. 
One thread which has been operated with, exhil^tcd 4his 
effect of torce exerted on it, in a very marked manner ; for a 
torsion of two revolutions of the micrometer, its zero altered 
10% J)ut for four revolutions there was no alteration. It was 
broken in fnaking another observation. 

For degrees of torsion less than that at which this effect 
takes place, the error of the zero will continue to exist ; as it 
is observed, in the two last tables that for one and two revo- 
lutions of the micrometer, the error is nearly constant. 

It has been shewn that a force amounting to one revolution 
of the micrometer exerted for five mir.utes, produced a per- 
manent dertcction of the zero oPthe thread, two degrees. An 
attempt was made to ascertain the influence of smaller degrees 
of force on the thread, exerted for a longer period. A torsion 
of 270 produced, in five minutes, a permanent deviation of the 
zero I 180 of torsion in the same period occasioned no error. 
A torsion of 90 ^continued for half an houi% produced an altera- 
tion of 2 ; for 45 ’ of torsion continued one and a half hours, 
it altered 3 % The permanent alteration of the zero of a glass 
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thread appears to be occasioned, either by a large amount of 
force exerted upon it, or by smaller forces acting for a com- 
paratively long pcM'iod. The amount of this alteration is 
modified by a variety of circumstances ; the diameter of the 
thread — the uniformity with which it cooled in being drawn — 
the amount of force to which it has been subjected, and its 
duration — combine in producing this effect ; which, influenced 
by so many causes, must necessarily be variable in amount. 

It is not probable that any two threads will afford the same 
numerical value of their rospc(!tive errors of zero, for the same 
force exerted on them. We cannot be certain that they are 
in precisely the same condition — that they are ideiitieal in 
composition, or that they are equally well annealed. IJoth, 
however, will fail to return to z(*ro after a certain amount of 
torsion has hceu exerted on them, by a quantity which di- 
minishes for every series of observations ; and which for a cer- 
tain amount of torsion, becomes nothing. 

The effect of this error of the zero on instruments con- 
structed for the purpose of measuring smaU forces by torsion, 
is to cause the de\iations of the%iieodle, w hen the thread is 
newly siispcudcd to be loss than they ought to be, and less 
than they over are afterwards ; in each slicceeding observation 
the force acting on the nee<llc has to overcome not only the 
forces which keep it in cquilibrio, but that also which deflects 
the thread from its zero ; as this latter increasos with the in- 
crease of torsion and with the time it occupies, the last deflec- 
tions of the needle are much less than the first of the same 
serjes, ^ 

This kind of error w ill be found in every series of experi- 
ments, though it will vary in amount; but it w'ill still bo 
suflicient if not corrected for, to vitiate results requiripg to 
be obtained aecuratoly. In using torsion instruments, after 
each observation, the error of the zero ought to be ascer- 
tained and the due correction applied. But wdierc it can be 
done, it is advisable first to ascertain the amount of torsion 
necessary in five miimtes to cause an alteration of the zero ; 
and then to ascertain the period of time wdiich that amount of 
torsion intended to be employed requires to produce the same 
effect, and not transcend these limits, by employing a greater 
amount of force on the thread, or using the instrument con- 
tinuously for a longer time than it will afford correct mea- 
sures. 
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VIII — On the Course of the FAectrical Discharye^ and on 
the Efecls of Lightning on certain Ships of the British 
Navy, By W. Snow Harris, Ksi]. F.U.S, 

In the instance Hast quoted of damage to II.^I.S. Uodiiov 
by lightning, it will be remembered that there was no regidar 
metallic line through which the forces in action could heooine 
neulTalized. The electrical agency had therefore to find rt)r 
itself sucli a general course, as upon the whole opposed the 
least resistance to its progress; and it is e\ident that in this 
case its path was dotcrinined on the general principh's before 
laid down in sec. 1 7. 

‘J5. I shall now proceed to state a feu cases of damage to 
certain other ships of the navy, where metallic bodies hap- 
pened to be so disposed about the rigging and hull, as to 
a[)|iro\imate in some measure to the coiiditioiis of experi- 
ment !2, sec. 18,'^’ and consequently to tliat perfect stal(i of 
defence against the expansive force of the electrical discliargo 
ill which a ship woifld become placed, by perfecting the con- 
ducting power of the masts, ami uniting them into one general 
continuous system with the metallic masses in tlie hull, and 
with the sea. 

These cases are partic ularly interesting, and conclusive of 
the general (piestiou of the protection to be afforded by such 
a system. 

No. L. — In September 18315, TLM. ship Hyacinth had both 
the fore and main-lop masts and toji-gallant masts destroyetl 
by lightning in the Indian Ocean. The electric lliiid sliivered 
these masts from the truck to the heel of the topmast, as in- 
dicated by the waving black line a b in fig. 4. pi. 1. 
which* represents the elfeeta on the main mast; at the 
point h, it became assisted by the chain topsail sheet leading 
to the deck at c, and so did no further damage to the mast ; 
at d it received further assistance from the (*opper pipe of 
Hcarle’s patent pump, leading to a small wtdl at c, and thence 
by a second pipe through the ship’s side under v\ atcr, and by 
this passed safely into the sea.t 

26. Now it is evident here that a heavy discharge of light- 
ning which shivered completely a sloop of war’s main-top mast 
and top-gallant mast varying from 1 1 inches to a foot in dia- 


* Annals of Klectricity, &c, Vol. iv. p. 492. 

f Those circumstances are minutely detailed by C«pt Blackwood, who com- 
manded the ship at the time, and may be seen in his interesting letter on the 
subject, in the Nautical Magazine, vol. viii., p 1 16. 

Vol. V — No. 25, July, 1840. F 
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meter through a length of at least 80 feet, was conducted 
without damage or fusion by an iron chain and a short copper 
pipe. It is therefore important to state the dimensions of 
these metallic bodies. Now the iron chain cojisisted of links 
inches long, made of iron rod \ inch in diameter. It 
reached from the lower yard to the deck, a distance of about 
50 feet. 

The pump consisted of copper pipe 4 pounds to the square 
foot ; it was 3 inches in diameter, and about the an 

inch thick, extending through a distance of about 10 feet. 

The elfects on the foremast were very similar, they are 
omitted therefore for the sake of brevity. 

27. It is not a little remarkable, that five years after this, 
in 1838, this same ship was again struck by lightning, whilst 
at anchor in Penang Pay, and again lost her main-top mast 
and top-gallant mast in a similar way, the low'cr mast being 
preserved by her chain topsail sheets. 

28. No. 2. — In 1830, the Athol, of 28 guns, was struck by 
lightning on her foremast, in the Bight of Biaffra : at this 
time the topsails were lowered on the caps and the other sails 
furled, as show'cd in fig. S."* This ship had chains for 
hoisting the topsails which lay iin the direction of the 
topmast as indicated by tlie dotted line h c. She had 
also a chain for topsail sheets, which led along the lower masts 
as indicated by the line d e. When the electrical explosion 
fell on the truck it shivered the top-gallant mast in pieces so 
far as the conmiencoineiit of the chain at h ; here being as- 
sisted by the chain, it passed on ivilhout any damage to the 
t6pmas'L, which is extremely worthy of remark, because in 
the former case, where there was no chain, the topmast was 
destroyed. 

Having reached the point c,* w^here the chain® terminated, 
it passed tcUh damage over the head of the mast, until again 
being assisted by the lower chain d c, it passed without da- 
mage to the deck; on reaching the deck at e, it passed by 
means of a bolt through a beam in the forecastle upon the 
chain cable, and thence into the sea.* 

29. These effects are similar to the former, and shew' the 
protection afforded by the chains, and their power of con- 
ducting heavy discharges of lightning without any of the ill 
consequences insifeted on by Mr. Sturgeon ; since in both cases 
the chains were in the vicinity of large metallic masses, viz. 
the iron hoops, iron-bound blocks, &c. about the masts, and 

♦ An intfrcBtinq; and authentic account of this circumstance will he found 
in the Nautical Mag^azine, vol. viii., e* 1 14. 
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in both cases the lightning passed through the hull. Now as 
all the laws of nature arc general, not partial, it is reasonable 
to infer, that if Mr. Sturgeon’s view of a lateral explosion 
were true, it ought to apply in such papable cases as these, 
more especially when he says he can produce a lateral explo- 
sion at 50 feet distance with a jar of only “a quart of 
capacity.” 

30. No. 3 The effects of lightning on H.M.S. Snake, is 

another striking instance of the general laws w^e have been 
contending for. The phenomena arc detailed with peculiar 
clearness by Capt. Milne in the March number of the Nautical 
]\Tagazine. The electric fluid entered main truck, shivered 
royal mast, splintered top-gallant mast; then over c/tfl?i/imain 
topsail tyc toilhout damage to within 8 feet of the deck so far 
as the topsail halliards. 

Finding, as observed by Capt. Milne, an obstruction hero 
in the ropes, it again seized on the mast, and became divided 
at the saddle of main boom; one portion passed out of (piarter- 
deck port to the se^j, tJie other to lower deck and down the 
mast, and distributed itself ever the Imll, aflecting persons 
below. The mast, on being examined at Halifax, was sprung 
about the partners ‘2 hichcs deep and 15 inches round, and 
was perfectly burst asunder at the sU p : hence the shock had 
extended to the heel, the electric matter, consetpicntly, must 
have passed by the metallic bolts in the keelson to the sea. 

It is further stated, and it is a most important fact^ that a 
seaman aloft on the cross trees^ at the time, did not experience 
any sensation whatever. ^ ^ 

31. No 4, — The Buzzard brigantine was struck by light- 
ning on the Coast of Africa, in February 1838, and lost her 
top-gqjlant and topmast, under precisely the same circum- 
stances as xhose of the Hyacinth, the lower mast being pre- 
served by the chain topsail sheet*. 

32. No. 5. — The Fox revenue cutter was struck by light- 
ning in March 1818. The mast was furrowed and otherwise 
damaged in every part except where it was coppered ; as ap- 
pears by a minute made at the time by the master mast-maker 
at the Plymouth dock-yard. 

Now the copper usually placed about a cutter’s mast is not 
the -yV^d part of an inch in thickness. In this case it re- 
mained perfect. 

33. No. 6 The spire of a church at Kingsbridge in Devon- 


* This case was givcMi me by the commander Lieut. Kt»x. I myself on 
board the vessel on her arrivul. The particulars are noted in her b'S* 
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shire was striujk by lightning in June 1828, and fearfully 
damaged. This case is particularly worthy of notice. 

The lightning fell on an iron spill, rv, 6, fig 6. supporting the 
weather-cock, about 7 feet in lengtli and 1 inch in diameter. 
On this it produced no visible effect, nor did any damage 
arise to the stone^icork about the rod. It was not until the 
rod ceased at the point h that the masonry was rent.'*' 

34. No. 7 Extract from a letter from Jdeut. Sullivan, of 

H.M.S. “ Beagle,” addressed to the l^ditor of the Annals of 
Electricity, &c. &c., relative to the protection afforded by a 
continuous conductor attached to the mast of H.M.S. Beagle. 

“ Having considered your communication in the Annals of 
lilcctrioity on marine lightning conductors, containing obser- 
vations on the stroke of lightning which fell on the masts of 
H.M.S. Beagle, I think it fair, both to Mr. Harris and the 
naval service, to describe the phenomena I witnessed on that 
occasion ; first stating, that at the time of my joining the 
Beagle in 1831, previously to her leaving England, 1 had no 
acquaintance with Mr. Harris, and certainly no bias in favour 
of the conductors with which the ship was fitted. I may 
therefore claim to be considered an impartial observer. 

At the time alluded to, I was first Lieutenant of the 
Beagle, and was attending to the duty on deck. She was at 
anchor off Monte Video, in the Uio de la Plata, a part of the 
world very often visited by severe lightning storms. Having 
been on board H.M.S. Thetis at Uio Janeiro a few years 
before, wlieii her foremast was entirely destroyed hy lightning^ 
mv atttjntion was always particularly directed to approaching 
electrical storms, and especially on the occasion alluded to, as 
the storm was unusually severe. The flashes succeeded each 
other in rapid succession, and w^ere gradually approacliing ; 
and I was watching aloft for tliem when the shijf was appa- 
rently wrapt in a blaze of fire, accompanied by a simultaneous 
crash, wliich was equal if not superior to the shock I felt in 
the Thetis ; one of the clouds by which we were enveloped 
had evidently burst upon the vessel, and as the mainmast 
appeared for tlic instant to be in a mass of fire, I felt certain 
that the lightning had passed down the conductor on that 
mast ; the vessel w as shaken by the shock, and an unusual 
tremulous motion could be distinctly felt. As soon as 1 had 
recovered from the surprise of the moment, I ran down below 
to state what 1 saw% and to see if the conductors below had 
been affected ; and just as I entefed the gun-room, the purser, 


* MS. letter with a di'.nviug, n.itcd July II, IS2S, from the Hcv. G. F 
Wise, late Vicar of Kingshritlge. 
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Mr. Uowlett, ran out of his cabin, (along the beam of whleh 
a main branch of the conductor passed) and said that he was 
sure that the lightning had passed down tlie conductor, for at 
the moment of the shock he heard a sound like rushing water 
passing along the beam. Not the sliglitcst ill consequence 
was experienced ; and I cannot refrain from expressing iny 
conviction, that had it not been for the conductor tlie results 
would have been of very serious moment. 

“ This was not the only instance w here w^e consider that 
the vessel had been saved from being damaged by lightning 
by Mr. Harris’s conductors; and I believe that in saying I 
had the most perfect confidence in the protection wiiich tfiose 
conductors afforded us, I express the opinion of every officer 
and man in the ship. 

“ Not being sulHciently acquainted witl) electrical experi- 
ments, I cannot, remark upon those you liave afiduced in sup- 
port of your opinions detrimental to Mr. Harris’s conductors. 

“ I can, therefore, only repeat my conviction that the Heaglo 
was struck by ligh^niiig- in the usual may, and certainly with- 
out any lateral explosion or other ill ellects similar to those 
you insist on in your Annals of Klcctricity.” 

115. Now these facts are totally subversive of all Mr. Stur-^ 
geon has advanced concerning his destructive lateral explosion 
in the way of objection to the fixing conductors in ships’ masts, 
and prove in the most (tonclusive manner the protecting power 
of such conductors ; his statement, therefore, that “ destruc- 
tive lateral discharges will always take place when the vicinal 
bodies arc capacious and near the primitive conduetpr oj; to 
any of its metallic appendages,” is clearly fallacious. 

36. 1 is allowed by writers on inductive science, that wo 
w ander from the true path of philosojhical inquiry, and take 
up that of assumption and conjecture, (lir(3Ctly w^e cease to 
verify our principles by an appeal to facts. In order to arrive 
at a general iaw' of nature, it is re(juisite to examiue carefully 
a great number of facts bearing directly on the question at 
issue, and shew*^, that the principle we assume is corninon to 
them all ; for if in any case the assumed principle is decidedly 
negatived, it is at least a powerful exception ; and it may be 
sufficient to overturn our whole 'theory. 

If such exceptions arc numerous, any theory which cannot 
include them is decidedly untenable. 

It has been well observed by Abercrombie,"' that in de- 
ducing a general principle, when the deduction is made from 
a full examination of all the individual cases, and the general 
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fact shewn to apply to them all, that is truth ; when is it de- 
duced from a small number of observations and extended to 
others to which it does not apply^ this is falsehood."' 

37. In applying these principles, we find Mr. Sturgeon’s 
assumed lateral explosion decidedly negatived in all the cases 
just cited, since we do not find any such occur in the passage 
of heavy discharges of lightning along the masts, &c. ; we do 
not find, as asserted by him, any thing like electrical waves 
produced by the discharge through a conductor situated close 
to the magazine. Thus in the case of the Hyacinth, No. 1. 
the copper pump d e, fig. 1, was a conductor near the after 
magazine. Yet the electric shock, in passing down this and 
through the ship’s side, did not cause “ intense sparks ifinong 
the |)owdcr barrels, whose metallic linings and hoops recipro- 
cally interchange them.”* 

38. Again, we do not find in the passage of a dense explo- 
sion of lightning that the sailors are necessarily subjected to 
lateral discharge, since in the case of the Snake, it may be 
observed that a seaman aloft on the crogs-trees did not ex- 
perience any sensation whatever,, although the top-gallant mast 
was shivered, and a terrific shock darted from the heel of it 
to the chain topsail tye. Now if Mr. 'Sturgeon’s views were 
practically sound, this man ought to have been killed on the 
spot by a lateral discharge^* as he says happened to a sea- 
man called Wilson in the case of the Rodney. 

39. Mr. Sturgeon, therefore, if he still adheres to his 
theory, is at last reduced to the necessity of supposing, that 
his^ latent discharge may sometimes occur, and sometimes not, 
which is manifestly in the teeth of his own hypothesis. This 
instance just (piotcd of the little effect experienced by persons 
in the vicinity of heavy electrical discharges is by no ragans a 
solitary one, as the following extract from a lotted' from Ad- 
miral Hawker, with which he favoured me relative to the 
damage done to the Mignomne, very fully shews : — 

“ The circumstances of the Mignomne being struck by 
lightning were these : she had been on shore, and was going 
to Port Royal, Jamaica, attended by the Desiree ; we had a 
day I think the hottest I ever experienced in the West Indies, 
without a cloud. After sunstit we observed clouds rising up 
from every part of the horizon with thunder and lightning. 
I ordered the topsails to be lowered in case of squalls, and we 
ran down towards Port Royal : about midnight the heavens 
seemed to be one continued flame, and soon after the main 
topmast was shattered into probably fifty pieces, scattering 
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the splinters in all directions ; the mainmast was split down 
to the keelson, and a sulphurous smell came up from the hold, 
which occasioned some to cry out that the ship was on five. 
IVo men were killed in the main-top, being burnt black, and 
having some splinters sticking in them, and a man who was 
sleeping on the lower deck with his head on a bag (for the 
ship having been on the rocks for three days there were no 
hammocks) near the armourer’s bench was found dead, with 
one black speck in his side ; another man sleeping by him 
was not hurlJ^ 

40. The number of instances hi which dense explosions of 
lightning have passed very near to persons without causing 
any serious injury to them is remarkable. 

Thus in the case of the Buzzard, No. 4, before mentioned ; 
the explosion at the time of shivering the topmast ptassed so 
near to a seaman called llobcrt Park, that it actually tore 
the shirt from his arm : he very kiiiilly shewed me the shirt, 
and pointed out the place where he was standing. Lieut. 
Fox, who commanded^ this vessel, and who w^as good enough 
to send mo an account of the, damage, &c. sustained, says, in 
allusion to this circumstance, ‘‘ 'Fhe lightning took a strip 
out of the shirt about^two inches wide from the shoulder to 
the wrist without hurting him.” 

No. 9. — In the instance of the Hawk cutter, lately struck 
by lightning on the west coast of Erris, snd scarcely damaged, 
it a])pears that the electric matter in passing down the main 
hatchway passed between a man and a boy. Neither were 
hurt ; the latter experienced a shock only. It also passed close 
to another man lying across a hammock about the same spot, 
who jumped up and thought his ^neckhanderchief was one 
fire; the latter experienced a temporary effect only on his 
right *avm.*„ • 

41. All these cases evidently show, that no damage occurs 
from a shock of lightning out of its direct path. It may, 
however, divide in the absence of any good conducting course, 
and branch out into a variety of other courses (as already 
observed) and seize either wholly or partially upon bodies 
which happen to lie in certain points, as clearly shown in all 
these cases, and in the partial fusion of the leaf-gold given in 
experiment 2,* of my last communication. 

We may also expect to find an expansive effect of greater 
or less force in the vicinity of a discharge of free electricity 
under the form of a dense spark, in a bad conducting interval; 
as observed by Dr. Priestley, ‘‘ the air being suddenly dis- 
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placed gives a concussion to all the bodies which happen to be 
near it.*' 

42. It is clear tliereforc that in all cases where injury or 
death has occurred, as in tliose ladbre given in the Mignonme, 
Rodney? &c., it has been the result oi tlie ])as.sag(' olllie elec- 
tric agency, eitlier wholly f)r ])artia11v, through the animal 
body, and not iVoin the r(‘snlt of any lalernl explosion, of elec- 
tricity, such as descrilx'd by Mr. Sturgeon. If, as he says, 
such ex])losions in all cases of proximity to the pi-iniitive 
charge necessarily aiisc, such ])roximitv to the i)assage of a 
dense shock of lightning Avoukl be in all cases fatal, wliich is 
(u idiuUly not tlu; cas(*. 

1.‘1. I have now' to consid<T bru'fly a kwv instances f)f the 
])ow'(‘r of mi'tallic bodic's to transmit heavy dischargiis of 
liglitning. 

In iIk' case above (|uot(Ml of the* Hyacinth, w'o observer, as 
already remark(?d, that a flash of lightning which shi\ered the 
to])-mast and top-gallant mast passed over a small iron chain 
and cop])or tube without iiising either. A similar resnlt en- 
sued in the second instance of the llyaci'hth being struck by 
lightning ; also in the case of Iho Atliol and lluzzard, and 
Snake, and in a great variety of others, too luimcrous to detail 
here. 

In the ease of tlu*. Fox, No. 5, it is s(',eii that the shock of 
lightning which damaged tlm mast, was conducted wdtlu)ut fu- 
sion or damage b}- sheet e()])])er of ‘/yiid of an inch in thickm.'ss 
placed in the w'ake of the gaff. This is conclusive of the I’al- 
lacy of Mr. Sturgi'ou’s assertion, that any conductor a])plied 
to Mie im\st >vonld, under the operation of lightning, be “ pro- 
bably pei'led Irom tlie wood.” 

In the case of tlu? Kingffhridge s])ire, No. t>. The lightning 
w'hicli shivered the tower, fell on a cylbidiical irop rod^of an 
inch diaim.'ter without producing any efloct on it. 

In the case of the Rodney, the flash which set the top on 
tire and splintered the masts, 'was conducted by a short copper 
funnel for tup-gallant rigging without fusion. 

In the case of the Reagle, No. 7, a shock of lightning passed 
down the conductors w^ithoiit ])rodiu*ing any effect on them. 

No. 10 A house w'as striiel^at Tenterden ; the lightning fell 
on an iron bar tbree-qimrters of an iiieli square, but produced 
no effect on it,^" 

No. 11. A strok(^ of liglitning fell on Mr. West’s house, at 
Pliiladelpliia, Laving a eonductoY terminating in a brass rod 
ten inches long and a quarter of an inch in diameter ; only a 
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few inches of the point were melted, hot no chminoo ocoiivred 
to the building, f'* 

No. 12. On the lOth of April, 1R*27, one of tlio largo New 
York packets, whilst in the (liilf Streaui, was :issailc<l by iwo 
most awful stroke's of liglitning twice in the same dav. 'J no 
first shock was productive of serious and destructive" eflbcis. 
The second shock fell on a jtointi'd eondnetor sn])se(]U(*nilv 
hoisU'd to the main-mast head. 'I'his conihictor consisfod of 
an iron cliain, liaving links of a (juarter of an inch thick iuid 
two feet in length, and turned into hoj)ks at eacli end, con- 
nected hy rings of tli(' same thickness, and om; ijich annular 
diameter. 'J’liis conductor was uilavhf^d to an iron rod placed 
at tlie mast head, lialf an iiieli tliick and li)ur fec't long. J’lie 
CXplosio 7 i fell ill a roiico)tlrfi(ril form, and wilh an aw lid crash 
upon tliis rod. Although the small ehain below was disjointed 
and sonu' of the links iiise.l, yet tiiis ])oinuMl iron rod was only 
fused for a lew inc]i<*-\ 7//e ship in the sreond cast* ^-scaped 

danffcr. 

Now tle'sc are mdlKvuticated cases, and there are numerous 
others which I migiii ao\hua\to shew how ]a‘ire('dvwv/^;f/( 7 Vy^/.f 
and coniinnoifs <’ondnctois transmit shocks of lightning, 

44. No good instance can ]>e adduc(‘d in wlhcli conductors of 
great capacity Iuim; been even moderately iu atei! ]>} lightning. 

1 do not admit .Mr. Stnrgi'ou’s “on dit^' res]a‘ciing the con- 
ductor passing tlivongh tlie Nelson Monument in Ihlinlnirgh. It 
is really no evidc'iica' wliaUner on a scientiiic (luesiion. “ It 
is said (observes Mr. Sturgeon) that the lighining rod passing 
through tin' Nelson .Monument became so liot. by lightning 
that it could not be, touclied by tlie baud by the Jlrst person 
who visited it afU'rwanIs, Allowing a l‘ew miiuiles to have 
elapsed between the Hash and the ])erson entering the monu- 
ment, the irrobability would IA 3 that the conductor liad been 
made red-hot.” This is of tlie same cliaracter witli all ilr. 
StJirgeon’s data; it is generally surmise, tluj shetr without the 
reality; it just amounts to nothing. 

45. J am aware that it has been also snppo^icd th.it the gi*eat 
conductors of St. Paul’s church were heated by lightning, but 
it is only a supposition. The coiuluetors were not examined 
before the lightning, which was -said to liave fallen on them, 
occurred, so that wo cannot be certain that the observed ap- 
pearances were not originally present after ihe forging of tlicm; 
it is, besides, very unlikely that a stroke of lightning should 
have fallen on this building, xjapable of rendering bars of iron, 
six inches M'ide and one inch arid a half thick, red-hot, witliout 
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destroying the thin copper covering the ball and cross on the 
dome of the bnihling, and without the crash of the thunder 
having been heard over the whole city, no mention of which is 
made ; when St. Bride’s steeple was struck, the latter was pe- 
culiarly remarkable. 

46*. Tliere is another instance on record of die effects of 
lightning on an iron rod, in Port Royal, Jamaica, mentioned in 
the transactions of the Royal Society, the evidence of which 
seems very incomplete. Two men are said to have perished 
by lightning near the church wall : that is not improbable : 
but, on subsequently looking inside the wall, a bar of iron, an 
inch thick, and a loot in length, w^as found in many places 
wasted away to the size of a line wire. Now it does not appear 
that this bar was i‘xamined previously to the occurrence of the 
liglitning ; hence we cannot infer tliat the w asting ivas pro- 
duced by the electric llnid ; more especially as similar ap- 
pearances are not uncommon in bars of iron erecitHl in church- 
yards in this country, and 'which have evidently resulted from 
oxidation and time. ^ 

47. Seeing then how much evidence wx' have from actual 
experience of the protective effect of regular conductors of the 
worst kind, and their pow er of transmiuing dense explosions 
of liglitning, wc may reasonably infer that a conductor of cop- 
per, equal to a rod of an iiicli diameter, and extending the 
whole length of the mast^ would he proof against any dis- 
charge of lighliiing ever experienced, as, I think, is shewn by 
the cases in ivhich ships litted with iiiy conductors have been 
struck by shocks of lightning without damage. 

48. Kxceptioris, however, have been taken by Mr. Sturgeon 
to the pheiioiiiena descril\ed by the oHicers who either com- 
manded or were in the ships. Thus Captain TurmT, in de- 
scribing the shock ol' lightning which fell on the lliyad frigate 
on the coast of AlVica, says, that he saw the lightning on the 
conductor on the fore-mast, and saw it during another flash 
run down the inizen-mast ; that all the men there heard a loud 
whizzing noise.” Cai)tiiiii Fitzroy and laeut. Sullivan also 
mention similar pheiiomrna. Xow^ the exceptions taken are 
these, viz., that no noise is ever produced by electricity entering 
a conductor, and that w e cannot produce a “ running light ” 
ujjoii a conductor canying an electrical charge. 

These exceptions, however, are rather captious objections to 
forms of expression, than to the facts themselves ; it is easy to 
shew^ from experience that luminous appearances arc often at- 
tendant on discharges of both natural and artificial electricity. 

Thus ill the case of the JIawk, No. 9, the accoimt states 
that the vessel was apparently enveloped in a flame of light- 
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ning whilst, in the case of the Beagle, Lieut. Sullivan says, 

on looking aloft, the slii}3 was apparently in a blaze of fire,” 
In the case of the Snake, No. 3, the electric hiiid is said to 
have descended with an instantaneous explosion of a vi\id 
pui 7 )lc color. 

When H.II.S. Norge was stmek by lightning in Port Royal 
harbour, the electric fluid w as observed (to use Admiral Rodd’s 
expression) to “ absolutely stream dowm a conductor attached 
to the mast of H.M.S. Warrior,” close by. 

Such phenomena are Jiesides remarkably close to the results 
of experiments: thus a heavy shock of electricity, passed over 
a metallic wire, in a ])artially exhausted receiver, will exhibit 
a transiently passing light on its sniliice. 

4fl. The w'hizzing noise is rpiite in accordance with com- 
mon electrical eftects. It invariably occurs w4ien a good 
conductor receives and disarms an explosion by a pointed 
extremity. Mr. Sturgeon, howTver, asserts that “ no such 
noise is ever ])voduced by \\\cJlnUl enter in// a metallic con- 
ductor.” 'Ihis is nten^ sophistry ; let any one attempt to dis- 
charge a highly charged ftattery hy ai> acuti^y ])ointed 
conductor. A groat of the charge w ill immediately rush 
through or towards the point with a whizzing noise. Now 
the stratum of cloud may be either ])ositivoly or negatively 
electviiied, and whether the one or the other, it is clear that 
the rush of electricity from a charged surface tow’avd a point, 
or from a point towards an undercharged surface (according 
to Franklin’s hypothesis) will be always attended by a whizzing 
noise. • • 

50. The protection which continuous conductors would 
afibrd if well and efficiently applied to shij)s is, I think ap- 
parcirt in all the preceding $'ases, and when w'e consider that 
the masts are themselves conductors of electricity, and that by 
their position alone they determine the course of the discharge 
into the body of the hull, it becomes the more requisite to affix 
to them good conductors, which <piickly disperse and reduce 
the electrical action to a state of quiescence. 

We have I think fair evidence of this in the trials hitherto 
made with the continuous fixed, condiu'tors applied to certain 
ships of the Britisli Navy, 

51. These ships have been exposed more or less in all points 
of the world. Lightning has not fallen upon them ofiener 
than other vessels not so fittqd ; and and when it has done so no 
damage has arisen in any way, or has any destructive lateral 
effect, such as that contended for by Mr. Sturgeon, taken place. 
His comparison, therefore, of the effects of lightning on the 
Rodney wdth the probable effects” (as he terms it) on my 
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conductors, although he can find no instance of such probable 
effects^ is tlioreforc purely hypothetical. If Mr. Sturgeon has 
no good authenticated iact to oppose to the mass of evidence 
I have adduced, of wliat avail is any hypothetical or loose 
opinion ho may find it convenient to advance ? 

52. Refore concluding this comiui ini cation, I cannot refrain 
from pointing out the apparent inconsistencies of his views on 
this point. ItaNing (L'Serihed my conductors as dangerous 
and ohji‘ctioiiahle in every ])ossiblo way, as calculated to in- 
duce oi)li(jue llaslies of lightning to strike the ship to the 
dcstnictioii of the sailors’ lives, the sails, rigging, &c. &c., he 
says, sec. 221, on discovering tliat he could not conveniently 
apply his own rods abio e tlic to])-mast licad, “ as hmeever 
every chance of fta}ajcr to (he mm and every species of damage 
to the vess(*l ought strictly io be avoided, it vStill ap})(rars de- 
sirable to furnish the top-gallaut rigging with conductors ; and 
perhajis those wliich would give the least trouble to the men, 
would be strips of copper let into grooves of the masts accord- 
ing to the plan proposed by Mr, Hanis.^'i Now, 1 think, it 
must be clear to jgiy one, that if aiy system be so objectionable 
as be would have it believed, on the grounds above stated, it 
must bo 0 ([iia]ly objectionable on tlie "top-gallant masts ; the 
lives of the sailors are just as much opposed tliere as at any 
other point, perhaps" more so. Mr. Sturgeon liimselt admits 
that two men were killed there in tlie case of the Rodney. 
But V)y his admission above quoted, my method is not objec- 
tionable in the tojj-gallant mast, but is on the contrary calcu- 
lated to. avoid “ every species of damage to the vc'ssel and every 
chance of danger to the men if so, it must he equally efliciont 
on the toj)-mast, lower mast, &c. 'I’his sort of traverse sailing, 
to use a nautical phrase, is not a ^ttlc aninsing, and is, 1 btlieve, 
quite unprecedented in any ]niper on science. * 

. 53. In order that no mistake may arise in respect of what I 
have advanced relating to lateral explosions, 1 may in conclu- 
sion simj)ly state, that I do not deny the expansive force of 
a dense electrical explosion, and its destructive etfect on im- 
perfect and non-conductors, I do not deny its eflect in causing 
expansion in the suiTouiiding air, which 1 rather choose to call 
with Priestley, the lateral force of electrical explosions,” 
than a lateral explosion of electricity, I do not deny this in the 
absence of any regular system of conductors, or that the dis- 
charge may di\idc in several dircetions, and in distributing it- 
self over the hull, may cause dense sparks and other electrical 
appeai'ances in various pai ts of the vessel, but which would 
not appear, if a perfect system of con4iK*tion, such as I have 
proposed, were resorted to. 
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I do, however, deny the probability of any lateral dischai-ge 
of el(i(‘.tric matter from conducting bodies transmitting an ac- 
cumulation between oppositely cliarged suriaces, as assumed 
by several persons im])erreclly acquainted with ordinary elec- 
trical action, and lately by Mr. Sturgiion ; and, 1 maintain, 
that neither artilicially, nor in the course of nature, can any 
instance of such lateral explosion be authenticated. 

1 am, &c. 

W. Snow Harris. 

Plymouth, March M, 18-10. 

P.S. It has been insisted on by Mr. Sturgeon, that a shock 
of lightning, descending a continuous conductor on the mast, 
would magnetize every chronometer in the cabin, &c. — (Me- 
moir, Sect. "207.) 

This assumption is completely negatived by tlie cases above 
quoted. In tig. 4, an awful discharge descended an iron cliain, 
and yet no magnetic eHect was observable on the tu'ighbonring 
compasses, or on the chrononuiter in the cabin. It is only in the 
absence of continuous conductors we tiud suclj magnetic effects, 
and even then tlunr occuiTen’eo is conq arativtily rave. Really, 
Mr. Sturgeon makes so many random assertions, it is almost 
impossible to attend to tlumi all. 


IX. — Mr. Sturgeon’s Ff/t/i Letter to W.Snow Harris, Esq. 
F.R.S. on Marine TAyhtning Conductors, 


Sir, 

When I had finished my last letter to you,* I made up my 
mind to decline any further notice of your impotent produc- 
tions in defence of that extra 9 rdinary, unnecessarily expensive, 
and certainly the most unscientific and dangerous plan of 
marine lightning conductors, that could possibly have been 
thought of by any one claiming the character of an electrician. 
But finding, in the preceding article, a few descriptions of the 
effects of lightning on shipping, which, if correct, can hardly 
fail to be interesting to the electrician, I have not hesitated to 
give them a place in these Annals ; and as you have laid con- 
siderable stress on these events, as sure indications of the in- 
fallibility of your electrical philosophy and lightning conduc- 
tors, I have again ventured a few remarks, not with any hope 
of convincing you of your errors, or rather of your acknow- 
ledging them, but to shew you that a very different explana- 
tion to that which you have attempted, w’ould look quite as 
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plausible. to account for some of the effects produced by light- 
ning on those vessels ; and in order to facilitate the compari- 
son, I will, as on former occasions, follow the numerical order 
of your own paragraphs. 

I think that I may very justly remark, as an introductory 
proposition, not difficult of demonstration, that, f there he no 
motive beyond the propagation of truths one of the causes of 
your committing so many errors in calculating on the effects 
of lightning, is simply by your imagining that all discharges 
of lightning ore alike poiverfid. 

In paragraph 26, you have, no doubt, given a very exact 
account of the dimensions of the chain topsail-sheet, and of 
the copper pipe of Hearle’s pump. Then, because each link 
of the former consisted of two sides, it was virtually composed 
of two iron rods, each of which was half an inch diameter from 
one end to the other ; and as the latter “ was three inches in 
diameter,” the copper sheet of which it was made was uni- 
formly nine inches broad. Hence the topsail-sheet and 
Ilcarle’s pump were no mean conductors, even compared with 
your owj ; for the copper pipe of the pump was nearly of the 
same transverse dimensions as the mean of yours on the lower 
masts ; of much greater transverse dimensions than yours on 
the top-masts ; tw ice the transverse dimensions of yours on 
the top-gallant masts ; and more than twice the transverse 
dimensions of your royal conductors. Moreover, since the 
effects on the fore-mast were very similar” to those produced 
on the main-mast, we are led to believe that each mast re- 
ceived only one half of the main stroke. And again, by con- 
sidering also, that each mast alone would carry some portion 
of the lightning to the sea, then, taking all these circumstances 
into account, and also the probaI)ility of this flash being* very 
far from the most formidable that occurs, I cannot see that 
this case is any proof either of the efficiency or inefficiency of 
your conductors, nor can I see what advantage you could 
think of gaining in d(?fence of them, by bringing such a circum- 
stance forward, in which the conductors which were not injured 
wrere, in some parts of the circuit, more than four times the 
dimensions of yours. 

Paragraph 28 may possibly te a very correct account of the 
effects of a flash of lightning on the Athol ; and so far as de- 
scription is concerned, it is an interesting paragraph. Bjt I 
do not agree to what you say ip paragraph 29, viz., that 
“ these effec'ts are similar to the former, and shew the protec- 
tion afforded by the chains, and their power of conducting 
heavy discharges of lightning because, if I did, I should 
have to acknowledge that all heavy discharges of lightning” 
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were of precisely the same power ; which would be the very 
opposite to the views which I take of these operations of na- 
ture ; and, what would be worse still, if possible, I should 
have to acknowledge that half a flash of lightning ought to 
produce precisely the same effect as the whole flash would do. 
This, as I first observed, is one of the rocks on which you so 
frequently founder. 

The effects of lightning on H.M.S. Snake, as described in 
paragraph 30, are also very curious and interesting ; more 
especially if Captain Milne’s account of the route of the elec- 
tric fluid be correct. Perhaps you can explain why the elec- 
tric fluid jumped from within eight feet of the deck ” to the 
saddle of the main boom and by what route, from the 
saddle of the main boom one portion passed out of the quarter- 
deck port to the sea.” 

Paragraph 31 is an obvious indication of the limited views 
which you have of lightning, and of the correctness of my first 
remark in this letter, viz., that you consider all flashes of light- 
ning to be of the fsamc power ; and that the power of half a 
flash is equal to that of the whole flash. This inference, you 
will find, is clear enough, when you compare the description 
of the two events alluded to, in this paragraph, in which you 
say the Buzzard “ lost her top-gallant and top-mast, under 
precisely the same circumstances as those of the Hyacinth 
for it is obvious that the Hyacinth’s main-mast was struck by 
only half oi the original flash ; whereas the mast of the Buz- 
zard was struck by the flash. 

The only inference which, in a philosophical point ^f vipw, 
can be drawn from your 32d paragraph, is that the f ox reve- 
nue cutter was struck by a comparatively feeble stroke of 
lightning ; although, from the manner in which you appear to 
apply the case, that paragraph becomes demonstrative of your 
belief that all flashes of lightning arc of precisely the same 
power. 

You seem to be very desirous to shew your readers, that 
‘‘ the copper usually placed about a cutter’s mast is not the 
-/jiid part of an inch in thickness and that “ in this case it 
remained perfect.” Now it strikes me that some of your readers 
will ask, why you did not give them the other dimensions of 
the copper ? A candid, scientific rcasoner would not have 
left them in doubt on a point of such essential importance in 
varying the effects of a flash of lightning on the metal. Even 
you own tinsel experiments (figs. 4, 5, and G, plate x., vol. iv.) 
must have taught you that a broad strip of gold leaf may re- 
main perfect, though it be traversed by an electric discharge 
which would destroy a narrow strip of the same thickness ; 
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and that a still more powerful discharge might have destroyed 
both of them. Whetlier or not there be a fatality attending 
your philosophy, over which you have no control, is not for 
me to determine ; but there seems something curious enough 
in placing the power of a flash of lightning, which just fur- 
rowed” the mast of the Fox cutter, on a par with the power 
of that flasli which produced such tremendous havoc on 
board the Kodiicy, or with that which destroyed ‘‘ both the 
fore and main-top masts and top-gallant masts” of the Hya- 
cinth ! ! ! 

With respect to the effects of lightning on “ the spire of a 
church at Kingsbridge,” as described in paragraph I can 
have no doubt of your having a very correct account from the 
Rev. O. F. Wysc ; and I have only to request tlie same fa- 
vour on your part, whilst you read an account of another flash 
of lightning, the eflects of which were also described by a 
reverend gentleman. 

On the 28th of April last, the bishop of Nova Scotia, in com- 
pany witli the Rev, Mr. Cardwell, called at this Institution, 
and entered into a conversation jvith me on the subject of at- 
mospheric electricity. The bishop, w'ho is well acquainted with 
electricity, described several curious effects of lightning which 
had come under his own observation. On one occasion, where 
lightning had struck a conductor which was fastened close to 
the wall of a building, a portion of the brick-work behind tho 
conductor was crushed to powder, and a deep furrow, parallel 
to the conductor, was made in the wall from top to bottom. 

At another time, the bishop saw a flash of lightning ascend 
from the earth to the clouds, lifting up, in its passage, a great 
quantity of the soil and ol^her earthy matter from the surface 
of the ground to a great height. 

These two remarkable circumstances being described fey an 
eye-witness of such high autljority as the bishop of Nova 
Scotia, may justly be regarded as exceedingly interesting 
events in the history of atmospheric electricity. The furrow 
being made in the wall behind the conductor, is an excellent 
contrast to the effects of lightning on the spire of the church 
at Kingsbridge, and shews that, although the iron rod was 
sufficient to conduct a flash of lightning of a certain force with 
safety; yet, the lateral forces of a still more powerful flash 
might possibly not only furrow, but totally destroy the spire 
to which it is attached. 

Your 34th paragraph is merelya copy of Lieut. Sullivan’s 
letter already printed in these Annals,* and, therefore, I 



Mr. Sturgeon’s A Letter to Mr. W. S. Harris. 57 

can have nothing to remark upon it in this place, excepting 
that I may bo permitted to say, that it is an cxceodingly uZ 
teresting description of the appearances on board the Reaghj 
at the time she was supposed to be struck by lightning, and, 
unquestionably, is the best description of those appearances 
that has hitherto been given ; and so very dilferent to that 
given by Captain Fitz-lloy,t that they scarcely appear to re- 
late to the same event. I do not see, however, that even 
Lieut. Sullivan’s description can be considered to be “ to- 
tally subversive of all ” that I have “ advanced concerning 
destructive lateral explosions.” That officer candidly acknow- 
ledges that he is not sufficiently acquainted with electrical ex- 
j)eriments to offer any remarks on those w hich I have adduced. 
Now', sir, had you also acknowledged that you w'ere not suffi- 
ciently acquainted wdth atmospheric electricity to offer any 
remarks on those phenomena wliich 1 have described in my 
fourth memoir, I should have considered that you also w'crc 
enjoying the same honourable feelings. 

The phihrsophv of paragrapli 30 is exce edingly good ; and 
Abercrombie’s doctrine is pt'ri’ectly a])plieal)le in the present 
instance ; for if your ideas of atmospheric eh'c.tricity had been 
formed from a sufiieient’uumber of facts collected from your 
own observations, they would luwo been mucli more compre- 
hensive than at ])rosent; h^tt from a w’ant of that experience 
so essential to the formation of a stnind judgment of all the 
variety of atmospheric electrical operations, and, to distinguish 
one class of them from another, your views of this branch of 
the science are necessarily very limited ; and, having confessed 
that you have no ac(piaiutancc whatever with atmos])henc eliH> 
tricai wares, it is not to be ex]jecte(f that you can have any 
knowledge of the splendid pbenomeua wliieli they produce on 
high eTe\'ati¥l conductors. ll^uce it is that you have fallen 
into error by siqiposing that the Dryad and Jlcagle were struck 
by lightning; though to a person well experienced in electrical 
kite experiments, it becomes obvious (uiougli that the liglilniiig 
never stnick either vessel in the cases alluded to. And a pm*- 
son only moderately acquainted with electro-magnetism would 
know w'ell that the primitirc discharge never traversed the 
lieagle’s maiii-inast conducjtor on’that occasion. 

Whilst writing my fourth memoir, I was particularly careful 
in advancing no experimental facts but those with which I was 
quite familiar : hence it w'as that I described no other electric 
kite experiments than those •! had myself made, nor any of 
those splendid phenomena witnessed by other expcriineiit(?rs, 

* Vol. iv. p. 327, 

VoL. V.— Xo. 25, July, 1840. 
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whilst exploring the atmosphere in a similar manner : hoping, 
from thfe confidence I then placed in your candor, that your 
desire to promote truth would have induced you to allude to 
them yourself ; especially those phenomena seen by M, de 
Romas at his kite-string. Those phenomena were of a similar 
character to some of those which 1 have described,* and were 
obtained under similar circumstances ; and had you brought 
them forward in your papers, as 1 expected you w^oiild 
have done, they would have given a fair opj^ortunity to your 
readers to form a just compsirison betw^een them and the phe- 
nomena seen on board tlie Beagle and the Dryad.f 

Your reasoning in paragraph 37 is curious enough, implying 
that, becauvse the Hyacinth was not hlotm npy there could be 
no lateral sparks ! ! ! 

Paragraph 38 is a twdn-sistcr to its predecessor, and implies 
that, because the man in the cross-trees wiis not killed, there 
could be no lateral discharge ! ! Why ought the man to have 
been killed ? That he had a very narrow escape, no one will 
deny, when the circumstances arc properly understood. “ The 
top-gallant mast was shivered, and a terrific shock darted from 
the heel of it to the chain topsail tye.” Now this “ terrific 
sliock'*'^ w'as one of those cases in >vlvch that kind of lateral 
force is produced which Priestly calls the lateral ea'plosion^ 
and which you have been forced to acknowledge in paragraj)!! 
53. When you w ere writing that ’’covfessional paragraph, in 
w'hicli you say, ‘‘ 1 do not deny the expansive force of a dense 
electrical explosion^ and its destructive effects on imperfect^ 
and non-conductors^'* I suppose you had forgotten the ‘‘ sea- 
man aloft on the cross-trees,” close to the terrific shock^'* or 
dense electrical explosion ! /” 

With respect to Wilsoit, who was killed in the Rodney, since 
there were no marks to be found either on his Jbody*or his 
clothes, it is fail* to infer that he suflered from the lateral forces, 
and not by the primitive discharge which killed his shipmate. 

In paragraph 39, you again attempt to lead your readers 
astray by telling them that, by my theory, as you are pleased 
to call it, a “lateral discharge may sometimes occur, and 
sometimes not.” If, instead of insulting your readers by thus 
attempting to impose upon, their credulity, you had referred 
them to paragraph 203 of my fourth memoir, page 176, vol. iv. 
of these Annals, the only inference which they would have 
drawn would have been the following : — “ As the extent of 
electro-displacement, in vicinal bodies, depends upon the mag- 


* 8ee my Fourth Memoir. 

fM.de Romas’s experiments are described in the appendix to this letter. 
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nitude and intensity of the primitive discharge or main strohe^'' 
and as those conditions may probably vary with almost every 
flash of lightning, some flashes may be of such feeble powers 
as to produce no very formidable lateral effects; although 
others may be sufliciently powerful to exert lateral forces pro- 
ductive of the most serious consequences.” 

Admiral Hawker’s account of the effects of lightning in the 
Mignomne, is very interesting. As “the main-mast was 
split down to the keelson,” there can be no question about the 
principal charge being transmitted in that direction ; and, 
consequently, the man who w^as killed “ near the armourer’s 
bench,” suffered either by the lateral force of the main stroke, 
or by so small a portion of the latter, as to produce no serious 
lateral effects on his shipmate who was sleeping beside 
him.” Moreover, the two men who were killed in the main- 
top, “ being burnt black,” shews pretty clearly that they suf- 
fered from a very superior force to that which killed the man 
below, whose external injuries were only “ one black speck in 
his side.” The main top-mast being shattered to pieces, and 
the splinters being scattered “,in all directions,” is another in- 
stance of the formidableuess of lateral explosions. 

I am much obliged Ufo Robert Purk for shewing you his 
shirt ; for as the man was not injured, it is pretty cleiir that 
neither he nor his shirt wqre struck by the lightning ; and that 
it was the lateral force which “ took a strip out of his shirt 
about two inches wide from the shoulder to the wrist without 
hurting him.” The most probable immediate cause of the 
shirt being torn was a sudden distention of the air within the 
sleeve. See paragraph 40. 

The cases which occurred in the, Hawke cutter were ob- 
viously the effects of lateral electric forces. The “ boy experi- 
enced a shex’k only,” not being hit by the lightning. Neither 
did the lightning strike, but only passed close to another 
man,” who only experienced a temporary effect in his left arm.” 
I am not certain that you could have produced better data 
than these to prove the injurious effects of lateral explosions. 

Your mode of accommodating your philosophy to facts is truly 
curious and ingenious, and as nearly opposite to that exercised 
by profound rcasoners as any one could be led to expect. In 
I)aragraph 41, you say “ that no damage occurs from a shock 
of lightning out of its direct paih.^'* This beautiful philo- 
sophical inference is a master-piece of its kind, emanating, as 
it obviously docs, from the fact which you described the mo- 
ment before, in which you say, “ that the electric matter, in 
passing down the main hatchway, passed between a man and a 
boy and that these persons, who were “ out of the direct 
path ” of the lightning, were both affected by it. 
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From the above speciincn of your philosophy I pass on to 
your case No. 12, in wliich T am glad to find that you view the 
eilects of lightning on the New York packet nn>re seriously 
than in paragraj)!! 7. - The l>est account of the damage done 
in this vessel is that givcni by Mr. llich.t The sjnndle was 
fused i’or several inclie.s of its length, and the chain ‘‘ conduc- 
tor was literally torn to pieces and scattered to th(‘, winds.” 

With respect to the Nelson Monument at Edinburgh, I 
have nothing to add to tlie fact whicli 1 have previously stated; 
excepting that I may here remark, that your attempt to place 
that fact or any other which bears on this important topic, in 
the back-ground, indicates a desire to evade those cjiscs w hich 
ought to bo j)articnlarly attended to. It is extreme cases of 
the effects of lightning that ought to bo guarded against ; and 
if those cases be not provided for, with regard both to the di- 
mensions and position of the metal, no conductor can give the 
necessary protection. 

Your obvious intentional attempt, iu paragraph 48, to per- 
vert the meaning of some of those ppints on which I have 
touched in my fourth memoir, tends to excite a strong suspi- 
cion that the whole of your perversions have emanated from 
some unaccountable motive^ of a very different nature to that 
which w'ould have been expected from a person of your pre- 
tensions. How dared you attempt Jo make it appear that I 
have said that w'e cannot produce a running light upon a 
conductor carrying an electric discharge ” ? IIow dared you 
venture to palm upon your readers such a palpable barefaced 
untruth? &Iy langmige on this topic is the following : — “ Wc 
caffnot*produce any thing like a running light when the con- 
ductors are sufficiently good and capacious to conceal the 
motion of the fluid ; though such a phenomenon may easily be 
produced by the employment of inferior conductois.f * 

With res])cct to the appearances on board tlie Dryad and 
Beagle, I have already ex]>ressed iny opinion pretty clearly ; 
and 1 have not met with any statement of the facts which lias 
tJie least tendency to alter that ojnnion. 

That the Hawk cuttiu- should a])})car as if enveloped in a 
flame of liglitping,” from the luminous eflectsofthe flash wliioh 
struck her, appears probable enough, although it is certain that 
nothing of the kind occurred; fur “the electric inaiter in 
passing down the main Ijatchway, passed between a man and 
a boy,” and tlieri:fore could not envidope the vessel. The 
flash, prior to its stiiking an objwt, produces the greatest lur 


• Annals of Electricity, vol. iv. p. 487. f Ibid. p. 372, 
I Annals of Electricity, &c. toI. iv. p. 18f>. 
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minous e/Tccts ; and lightuiug passing near to either a ship or 
a house would produce similar luminous eflccts to those Avliich 
a])j)eaivd to the people on hoard the; Hawk and the Ih agle. 

i)r. h ranklin’s oi)inion on these luminous elleets of lightning 
will he seen in the A])])endix to this letter. 

Aiiotlier instance of those mean atteiri])ts to ])(n’vert the 
meaning of certain to])ics of my fourth memoir ajjpears in 
paragraph 52, in which you take to yourself a great deal of 
credit, by conveying to your readers as profound a fnlsi‘hoo<l 
as ever proceeded Irom man : stating, as you do, that 1 have 
admitted tliat your method of protecting the masts of ships is 
not objectionable. This paltry maiKcuvre strengthens my 
former suspicions, and gives a very sable coloring to the 
Viol Ives from which emanate such unjust aspersions. If you 
had regarded truth, and the just interests of science', whilst 
(pioting my remarks on conductors for top-gallaut masts, you 
would have directed your readers to ])aragraphs 221 and 222 
of my fourth memoir,'^ in which I have stated, lluit, “ instead 
of only 0 //C strij) (oj'cppper) to each mast, 1 should i)ro]K)so 
three in each, at equal distai^cee from each other; whicli, by 
having an exposure of metal on every sides would he a greateu* 
security to the mast than l>y having one strip only. And that 
four cyliiulrical co])per roels, or lour flexible metallic ro])es, 
stretched from the cross-trees to the truck, parallel to the top- 
gallant shrouds, would afford a much better protection to the 
top-gallant rigging than conductors let into the masts.” 

It is not for me to judge of the opinions which other readers 
form of your philoso])hy, hut to me you seem to have heen led 
into the most extraordinary inaccuracies in many parts of your 
defence of your lightning conductors ; and, perhaps, in none 
more so, than in the i)ostscri)jt to the })receding j)apcr, in 
w’hicTi yoiv a])pear to ])o deftTinined, either to mislead your 
readers, or, to slicw your almost entire ignoranc(^ of electro- 
magiK'tic action. Permit me to avsk you a f(5W questions on 
this subject. Do you wish me to understand, that you, a Fel- 
low of the Koyal vSociety, are totally ignorant of Sir Humphrey 
Davy’s experiments, by whicli that philosojiher first mag- 
netized steel needles by transmitting electric discharges from 
a battery of jars, through a vicinal conducting wire ? Do you 
wish me to understand that you, a Fellow of the Royal Society, 
with the pretensions of an eleclro-iuagnetist, never repeated 
those heaiitifnl experiments ? Do you wish me to understand 
that you, a Fellow of the Royal Society, who, as an inventor of 
a marine lightning conductor ought to be a profound clcc- 


* Annals of Electricity, &c., rol. iv. page 185. 
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trician and clectro-magnctist, that you who arc pretending to 
])rotcct the BritislrNavy and our brave tars from the effects of 
lightning, — that yon, on whose judgment such mighty interests 
arc to be at stake, — are entirely ignorant of the laws of electro- 
magnetism ? If you are not entirely ignorant of the magnetic 
action of electric currents traversing good conductors, how 
dared you venture to say, that “ it is only in the absence of 
continuous conductors we find such magnetic effects ?” If you 
are not entirely ignorant of siudi magnetic action, how dared 
you venture to stain the pages of Britisli science, to insult the 
dignity of the lioval Society, and, above all, to deceive the 
Lords Commissiontirs of the Admiralty, and the whole British 
Navy, by propagating such a j)alpable falehood ? Will you 
acknowlc<lgc that you are ignorant of tlie magnectic action 
of lightning wliilst traversing good conductors ; or will you 
have to submit to the degrading position of having wilfiilly 
concealed that most important liict, to guard against which is 
one of the most essential considerations in the erection of ma- 
rine lightnifig conductors ? . 

I have paid considerable attention to the statements of 
professors Farracly and Wheatstone in the ‘‘ Report of the 
Committee appointed by the Admiralty but 1 have not 
been able to discover any facts, in those statements, which 
have the least tendency to alter my opinion of your plan of 
conductors, and certainly none whatever tending to invalidate 
any part of my fourth memoir. By quoting M. De Romas's 
kite experiments, professor Wheatstone has shewn, pretty 
clearly, that electrical discharges such as appeared on the 
contfiuctOrs of the Dryad and the Beagle, are no sure indica- 
tions of those vessels being struck by lightning ; for, as will 
be seen in the appendix to this letter, no lightning was pre- 
sent at the time that the French philosopher was 'londiicting 
his kite experiments, in which he saw “sheets of fire 9 or 10 
feet long and an inch broad, which made as much or more 
noise than the reports of a pistol.” Perhaps the most re- 
markable feature in the Report of the Committee, is the 
total absence of any consideration respecting the magnetic 
action which lightning would produce on chronometers, com- 
pass needles, &e. whilst traversing vicinal conductors ; the con- 
sequences of which, in misleading the mariner, might be more 
fatal than those from the direct action of the lightning itself. 

1 remain. Sir, yours &c, 

• W. Sturgeon. 

Victoria Gallery, of Practical Science, Manchester, 

June22n(l, 1840. 

♦ Page 1 of this volume. 
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Amongst Dr. Franklin’s remarks on Mr. William Maine’s 
Account of the effects of lightning on his liightuiiig Rotl, we 
find the following : 

It is said that the house was filled with Us flash, Ex- 
pressions like this are common in accounts of the effects of 
lightning, from which wc are apt to understand that the light- 
ning filled tho house. Our language indeed seems to want a 
word to express the light of lightning as distinct from the 
lightning itself. When a tree on a hill is struck by it, the 
lightning of that stroke exists only in a narrow vein between 
the cloud and tree, but its light fills a vast space many miles 
round ; and people at the greatest distance from it are apt to 
say, ‘‘ the lightning came into our rooms through our windows.” 
As it is in itself extremely bright, it cannot, when so near as 
to strike a house, fail illuminating highly every room in it 
through the windows ; and this I suppose to have been the case 
at Mr. Maine’s ; add tliat, except in and near the hearth, from 
the causes above-mentioned, it was not in any other part of 
the house ; the flash meaning no more than the light of the 
lightning — It is for want of considering this difference, that 
people suppose there is a kind of lightning not attended with 
thunder. In fact there "is probably a loud explosion accom- 
panying every flash of lightning, and at the same instant ; — 
but as sound travels slower than light, we often hear the sound 
some seconds of time after having seen the light ; and as 
sound does not travel so far as light, we sometimes see the light 
at a distance too great to hear the sound.” — FranklirCs Letters, 

• M. De Uomas’s Kile Experiment, 

“The greatest quantity of electricity that was ever brought 
from the clouds, by any apparatus prepared for that purpose 
was by M. De Romas, assessor to the presideal of Nerac. 
This gentleman was the first who made use of a wire inter- 
woven in the hempen cord of an electrical kite, which he 
made seven feet and a half high^ and three feet wide, so as to 
have eighteen square feet of surface. This cord was found to 
conduct the electricity of the clouds more powerfully than an 
hempen cord would do, even though it was wetted ; and, being 
terminated by a cord of dry silk, it enabled the observer (by 
a proper management of his apparatus) to make whatever ex- 
periments he thought proper, without danger to himself. 

“ By the help of this kite, on the 7th of June, 1753, about 
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one in the afternoon, \vh(?n it was raised 550 feet from the 
ground, and had taken 780 feet of string, making an angle of 
near forty-five degrees with the horizon ; lie drew sparks from 
his conductor three inches long and a quarter of an inch 
thick, the surapping of which was hoard about 200 paces. 
Whilst he was taking these sparks, he felt, as it were, a 
cobweb on his face, though he was above three feet from the 
string of the kite ; after which he did not think it safe to 
stand so near, and called aloud to all the company to retire, 
as he did himself about tw^o feet. 

‘‘ Thinking himself now secure enough, and not being incom- 
moded by any body very near him, he took notice of w hat passed 
among the clouds which were immediately over the kite; but 
could perceive no lightning either there or any w here else, nor 
scarce the least noise of thunder, and there was no Min at all. 
The w ind w^as West, and pretty strong, which raised the kite 
100 feet higher, at leiist, than in the other experiments. 

“ Afterwards casting his eyes on the tin tube, wdiich was 
fastened to the string of the Iftte, an(j about three feet from 
the ground, he saw three strftw s, one of whicli was about 
one foot long, a second four or five inches, and a third three or 
four inches, all standing erect, and performing a circular 
dance, like puppets, under the tin tube, without touching one 
another. 

“ I'his little spectacle, which much delighted several of the 
company, lasted about a quarter of an hour : after which, 
some drops of rain falling, he again perceived the sensation of 
the cobweb on his face, and at the same time heard a con- 
tinual rustling noise, like that of a small forge bellows. This 
^vas a farther w'arning of tjie increase of electricity ; and from 
the first instant that M. De llomas perceived the dancing 
straws, he thought it not advisable to take any irore sparks 
even with all his precautions ; and he again entreated the com- 
pany to spread themselves to a still greater distance. 

“ Immediately after this came on the last act of the entertain- 
ment, which M. i)c Romas acknowledged made him tremble. 
I’he longest straw^ was attracted by the tin tube, upon wdiich 
followed three explosions, the noise of which greatly resembled 
that of thunder. Some of the company compared it to the 
explosion of lockets, and others to the violent crashing of large 
earthen jars against a pavement. It is certain that it was 
, heard into the heart of the city, notwithstanding, the Vtarious 
noises there. 

“ The fire that was seen at the instant of the explosion had 
the shape of a spindle eight inches long and five lines in 
diameter. But the m,ost astonishing and diverting circum- 
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stance was produced by the straw, which had occasioned the 
explosion, following the string of the kite. Some of the com- 
pany saw it at 45 or 50 fathoms distance, attracted and re- 
pelled alternately, with this remarkable circumstance, that 
every time it was attracted by the string, flashes of fire were 
seen, and cracks were heard, though not so loud as at the 
time of the former explosion. 

It is remarkable, that, from the time of the explosion to the 
end of the experiments, no lightning at all was seen, nor scarce 
any thunder heard. A smell of sulphur was perceived, much 
like that of the luminous electric effluvia issuing out of the end 
of an electrified bar of metal. Round the string appeared a 
luminous cylinder of light, three or four inches in diameter ; 
and this being in the day-time, M. De Romas did not ques- 
tion hut that, if it had been in the night, that electric atmos- 
phere would have appeared to be four or five feet in diameter. 
Lastly, after the experiments were over, a hole was discovered 
in the ground, perpendicularly under the tin tube, an inch 
deep, and half an ^neb vvide, which w^as probably made by the 
large flashes that accompanied the explosions. 

“ An end was put lo these remarkable experiments by the 
falling of the kite, thti wind being shifted into the east, and 
rain mixed' with hail coming on in great plenty. Whilst the 
kite w'as falling, the string came foul of a penthouse; and it 
was no sooner disengaged, that the person who held it felt 
such a stroke in his hands, and such a commotion through his 
whole body, as obliged him instantly to let it go; and the 
string, falling on the feet of some other persons, gave them a 
shock also, though much more tolerable*. * ^ 

“ The quantity of electric mattej* brought by this kite from 
the ^louds at another time is really astonishing. On the 26th 
of August 1756, the streanfs of fire issuing from it w'ere ob- 
served to be an inch thick, and 10 feet long. This amazing 
flash of lightning, the effect of which on buildings or animal 
bodies, would perhaps have been equally destructive with any 
that are mentioned in history, >vas safely conducted by the 
cord of the kite to a non-electric body placed near it, and the 
report was equal to that of a pistol.- 

“ M. Romas had the curiosity to place a pigeon in a cage 
of glass, in a little edifice, which he had purpofsely placed, so 
as that it should be demolished by the lightning brought down 
by his kite. ^ The edifice was, accordingly, shattered to pieces, 
but the cage and the pigeon w^ero not struckf. 

* Cents. Mag. for August 17^, p 37a. 
f Noliet’s Letters, vol. ii, p.'239. 

VoL. V — No. 25, July, 1840. I 
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‘‘ The^ Abbe Nollet, who gives this account, adds, that if a 
stroke of this kind had gone through the body of M. De 
Romas, the unfortunate professor Richman had not probably 
been the only martyr to electricity, and advises, that great 
caution be used in conducting such dangerous experiments.* 
When we consider how many severe shocks the most cau- 
tious and judicious electricians olten receive through inadver- 
tence, we shall not be surprised that when philosophers first 
began to collect and make experiments upon reallightning, it 
should sometimes have proved a little untractable in their 
hands, and that they were obliged to give one another fre- 
quent cautions how to proceed with it. 

“ The Abbe Nollet, as early as the 1752, advises that these 
experiments be made with circumspection ; as he had been 
informed, by letters from Florence and Bologna, that those 
who had made them there had had their curiosity more than 
satisfied by the violent shocks they had sustained in drawing 
sparks from an iron bar electrified by thunder. ’ One of his 
correspondents informed him, that once, as he was endeavour- 
ing to fasten a small chain, with a copper ball at one of its 
extremities, to a great chain,’ which communicated with the 
bar at the top of the building (in order' to draw off the electric 
sparks by means of the oscillations of this ball) there came a 
flash of lightning, which he did not see, but which affected the 
chain with a noise like that of wild fire. At that instant, the 
electricity communicated itself to the chain of the copper ball, 
and gave the observer so violent a commotion, that the ball 
fell out of his hands, and he was struck backwards fuur to five 
paces. *He had never been so much shocked by the experi- 
ment of Leyden.” t — Prie^sley's History of EkctrirAty. 


X. — Description of a Cast Iron Voltaic Battery^ and an 
Account of some of its Performances. By William Sturgeon. 

Having given a notice in the last Number, that I would des- 
cribe this battery in the present one, I now proceed to do so. 

The battery consists of ten cast-iron cylindrical vessels, and 
the same number of cylinders of amalgamated rolled zinc with 
diluted sulphuric acid. The* cast-iron vessels are 8 inches 
high and .3-^ inches diameter. The zinc cylinders are the same 
height as the iron ones, and about 2 inches diameter, and open 
throughout. The iron and zinc ^cylinders are attached, in 
pairs, to each other, by means of a stout copper wire, as seen 

• Pbil. Trans, vol. Hi. pt. i. p.342. 
f Phil. Trans, vol. xlviii. pt. i. p. 205. 
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in fig. 7, plate 1. The zinc of one pair is placed in the iron 
of the next, and so on throughout the series ; contact being 
prevented by disks of millboard placed in the bottom parts of 
the iron vessels. 

As it is my intention to embody a series of experiments 
made witli this battery, with a number of others, in a paper 
which will appear in the August number of this work, I will 
merely notice a few, in this place, which will give a tolerably 
good idea of its powers. 

With ten pairs in series, I have usually obtained 14 cubic 
inches per minute of the mixed gases from the decomposition 
of water, and 10^ cubic inches when the battery had been in 
action an hour and a half. But on the 20th iust. I obtained 
20 cubic inches per minute, and this day I obtained 22 cubic 
inches per minute with the same arrangement; fused 1 inch 
of copper wire of of an inch diameter ; four inches was 
kept white hot; and 18 inches of the same wire was kept red 
hot in broad daylight. 

Eight inches of wntch main springs was kept red hot, and 
2 inches white hot, for several successive minutes. 

We now employ this .battery daily at this Institution. 

W. Sturgeon. 


Royal Victoria Gallery, 

For the Encouragtiiiientof Practical Science, Manchester, 
June 22, 1840. 


XL— MISCELLANEOUS ARTICLES. 

Curious Remarks on the Wf^ck of the Royal George,^^ 

« 

At a recent meeting of the Geological Society, there were 
read,*‘ Remarks on the stiuct&re of the Royal George, and on 
the condition of the timber and other materials brought up 
during the operations of Colonel Pasley in 1839,’ by Mr. 
Creuze. The Royal George was the tiist ship built on the 
improved dimensions recommended in consequence of an in- 
quiry into the superior sailing qualities of the vessels of war in 
the French and Spanish services. She was commenced at 
Woolwich in 1746, launched in 1756, and, after bearing a very 
high character as a ship of war for twenty-six years, was acci- 
dentally sunk at Spithcad on the 29th of August, 1782. From 
an examination of the various portions of the wreck recovered 
by the operations of Colonel Pasley, Mr. Creuze states that 
the great agent of the work of destruction, during tlje fifty- 
seven years since the loss of the Royal George, has been “ the 
worm,” which has gradually, by its innumerable perforations 
on every exposed portion of the wood work, reduced it to such 
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a state as to enable the constant wash of the tides to abrade it 
layer by layer. The portion of the sliip which has thus been 
removed is considered to be the whole of the upper part, in- 
cluding the topsides above the line of the middle-deck ports. 
The portions of the recovered timbers which had been buried 
in the mud were })er(ectly sound ; and Mr, Creuze is of opinion 
that the bottom of the ship, which is thus protected, and too 
deeply inhumed to be affected bv tin', explosion, will last for 
ages. Some porti<ms of the copper hav(? undergone so little 
change, that several whole sheets average the same weight per 
square foot as those now used in the royal navy ; and this state 
of preservation, Mr. Ch euze believes, may be accounted for on 
the principle applied by Sir Humphrey Davy to the protection 
of the sheathing of ships. The cast-iron guns which have been 
recovered w ere so much softened as to be easily abraded by the 
finger-nail to the depth of one^sixteenth and one-eighth of an 
inch, but they gradually hardened on exposure to the atmo- 
sphere. Tlie brass guns arc as sharp in their oniainental cast- 
ings, and apparently as sound, as at their first immersion. A 
piece of two-and-a-half inch cablo-layed corda'ge, made from 
a specimen of taiTcd rope (possibly part of the ship’s old junk 
for sea-storc, or of one of the cables used in an attempt to 
weigh her soon after she sunk), w%as found to bear 21cwt. ilqrs. 
7lbs. ; while a similar cable, made from yam spun in 1 830, 
bore only SOewt. Iqr. 7lbs. Mr. Creuze then stated some pe- 
culiarities in the structure of the Royal George, and concluded 
w^ith a descriptive catalogue of a scries of specimens w Inch ac- 
companied Mr. Greuze’s paper. 


Further Particulars rcspeciiny the Royal Georye, 

• 

Colonel Pasley began his proceedings for the removal of the 
wreck of the Royal George on the 1st of this month, but up to 
this day (Monday) nothing very remarkable was effected. Two 
gims, the rudder, and* a considerable quantity of timber w^e^e 
recovered ; but as these were merely those fragments of last 
year’s wwk which the inclemency of the season i^rovented the 
engineers from picking up, no, serious measures were deemed 
necessary till yesterday. At eight o’clock in the morning, the 
red flags at Spithead announced that a great explosion was to 
be attempted : and at eleven o’clock one. of those huge cylin- 
ders, w'hich have already been /Icscribed, and filliul with 
2,11 Gibs, of gunpowder, was lowered to the bottom. One of 
Colonel Pasley’s divers (George Hall), who has acquired great 
expertness in these operations, descended his rope ladder a 
little in advance of the cylinder, and succeeded in fixing it 
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securely to one of the lower gudgeons or braces on the rudder- 
post, within six or eight feet of the keel. The diver having 
remounted, and the vessels being withdrawn to a safe distance, 
the enormous charge was ignited by means of the voltaic ap- 
paratus. Within less tlian two seconds after the sliock was 
felt, the sea rose ov-er the spot to the height of about ilftecn 
feet, or not quite half so high as it did on the occasion of the 
great cx])losions last year ; a difference ascribable, probably, 
to the cylinder on the present occasion having been jdaced 
under the hull instead of alongside it. The commotion in the 
water, however, was so great, as to cause the ]iun])S and lighters 
to pitch and roll at a groat rate. The whole siirlacc ol‘ the sea, 
for several hundred yards round, was ])ivsently co\ered with 
dead fish and small fragments of the cylinder. Amongst th(\se 
were inmimerable tallow candles, and a mass of butter a foot and 
a half in length, evidently drivt'ii U]) from the jiurser’s store- 
room. As soon as the vast commotion in llie water had siib- 
sid(xl, and the boats had rctimn'd Irom the iinivcu sal scramble 
for the candles aiul dead fish,' the diver ])rocecded again to the 
bottom, and soon reported tlmt the whole stern of the sliij)bad 
been driven to pieces, ^and that, so far as he could ascertain, 
there was now a free and wide*, (diannel directly fore and ait the 
ship, from stem to stem, through which both the Hood and ebb 
tides will rush ; and thus the mud with which the hull of the 
Iloyal (jcorgc has been silted for half a century will be washed 
out, and the ^vay cleared for Colonel Padey’s liirtbor ojiora- 
tions. Prom the auspicious maimer, indeed, in which ho has 
commenced, we may safely predict his final success ^ and \yc 
confidently trust that, before the season closes, Siuthoad will 
be cleared of this grievous and loBg-standing drawback to its 
efficicnc^y as a roadstead for line-of-battle shii)s. 


Further Particulars. 

The operations have continued daily with great activity and 
success, two divers being employed every slack tide in slinging 
the fragments of the wreck. The stern-post h^ been got up, 
broken into three pieces by fhe great explosion of the 11th 
instant, together with a large fragment of dead-wood, that 
stood over the keel, and was also connected with the stern- 
post. A very curious mass, consisting of part of the lower 
deck, with a portion of beam, and two knees below the deck- 
plank, and a rider or upright knee above it, together with part 
of a port, and the remaining, both of the inside and outside, 
planking, on each side of a fragment of timber, may now be 
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seen in the. Dock Yard. A very large cable has also been got 
up, measuring twenty-four inches round, and about ninety 
fathoms in length, which was generally very sound, but has 
been broken into several pieces, so that the diver had to de- 
scend repeatedly for two or three days before he slung the 
whole of it. All is clear now above the orlop deck, except 
some beams of the lower deck, which still remain. This day 
(Saturday) red flags were hoisted on board the two lumps, at 
ten o’clock, as a signal that two explosions, of 250lbs. of pow^- 
dcr each, would take place at the next slack tide, and two 
divers were sent down to make preparations for placing the 
two charges, one under the main hatch nf the orlop deck, the 
other near the bread room. Lieut. Symonds, the executive 
engineer, who made all the arrangements on this occasion, 
as well as for the great explosion of the 1 1 th, then sent down 
the charges with the divers, anjl having removed the lumps to 
a little distance, he posted himself at one voltaic battery, 
whilst Sergeant-Major Jones had charge of the other. Colonel 
Pasley then gave the word to fire, but only one explosion took 
place, which was effected by four\:ells of Professor DaniclVs 
battery, at the distance of 240 feet. This produced the usual 
effect of a great commotion in the water, in the form of an in- 
verted bowl, spreading to a considerable distance, but not 
rising to any great height ; several seconds elapsed, after a 
sharp shock was felt, before this agitation of the water took 
place. The second explosion, which was to have been fired 
by means of Mr. Alfred Smee’s new voltaic battery, did not 
take place on completing the circuit ; but Sergeant-Major 
Jones, feeling the shock of the other explosion, believed it to 
be his own, for he completed the voltaic circuit, on first re- 
ceiving the order to fire. Being grdered to complete the cir- 
cuit a second time, he did so ; and on keeping up the contact 
for about four seconds, the explosion was effected at the dis- 
tance of 460 feet. After these explosions, which were wit- 
nessed by Admirals Sir Edw’^ard Codrington, and BouverieJ 
Major-General Sir Hercules Pakenham, and a number of 
officers of both services, and numerous other spectators, the 
divers repeatedly went dowm a^ain, and lashed large pieces of 
timber, amongst which were the parts of a lower deck beam. 
A human skull, with teeth, was also brought up from the after 
part of the wreck, which Colonel Pasley has declared his in- 
tention to bury in Kingston churchyard, together with such 
other remains of skeletons as may be obtained hereafter. 
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Operations against the Wreck of the Royal George^*' 
and proposed Great Explosion, 

The mud accumulated in the hold of the wreck having 
proved troublesome to the divers, a number of small 
charges of 471b. and of 2601b. of gunpowder have been fired 
against the wreck within the last fortnight, and the removal 
of the fragments has proceeded with great activity ; but it 
now appears necessary to have recourse to another great 
explosion of about 2, 1601b. of powder, to be placed in a 
w'ooden cylinder made in Chatham dockyard, which having 
been coated with a waterproof composition, and sunk in 
fifteen fathoms at Spithead, was declared to be perfectly water 
tight. Colonel Pasley has declared his intentioh of firing this 
great charge at about a quarter before two o'clock on the 
afternoon of Monday, the 22nd instant, when the neap tides 
and long slack water will favour the operation. Red flags 
will be hoisted on board the Success frigate hulk, and the tw o 
lumps or mooring lighters iX\ Spithead, several hours before 
the explosion on the d^y above-mentioned. Should a violent 
gale of wind occasion such a swell as to prevent the op^ation 
on the 22nd, it will be postponed till the 23rd or 24tn, and 
each day of delay will cause the explosion to take place about 
three quarters of an hour later than the time before men- 
tioned. 


Sketch of the Life of the late Lieut, Bell. 

“John Bell w^as the eldest son ot a hat-manufacturer of re- 
spectability and considerable property, residing in Carlisle, 
and was born on the 1st of March, 1747. Until he attained 
the age of eighteen, he assisted in the inanageineiit of his fa- 
ther’s business ; indeed, from his parent having engaged ^in 
scientific pursuits, and more particularly in the vain endeavor 
to discover the longitude, the duties of the business almost 
wholly devolved on the subject of this sketch. In the year 
1765, Sergeant Harding, of the., Royal Artillery, who was fa- 
miliarly known to the family, being at Carlisle recruiting, young 
Bell was induced to enter into the service of liis country, and 
after having received the usual drilling at Woolwich, he in the 
following year embarked for Gibraltar, in the 3rd battalion, 
under Major Innes, where he remained about six years. On 
his return to England, he obtained a furlough, and proceeded 
into the north to visit his relatives, when he found that, during 
his absence, his fiither had fiillen into embanassments, from 



72 


Miscellaneous Articles. 


hanng neglected liis business, and spent his property in his 
endeavors to obtain the prize ofiered by government to tlic 
discoverer of the longitude. Shortly after his re tin n to Wool- 
wich, his expertness in handling the Macaroni Gnu elicited 
the applause of his sovereign, who, cla])ping him on the shoul- 
der, exclaimed, “ Fine young fellow — fine yonng fellow — mahe 
a man of you.” From this time his abilities became daily more 
apparent, and his promotion was rapid. He first became 
bombadicr in 1775, and wj?.s sent on a recruiting mission to 
Carlisle, where, being well known, and his success consequently 
great, he was continued for some months. He was engaged in 
various schemes cmniected with military pursuits during the 
succeeding sex en years, and in 178*2 we find him paymaster- 
serg<"ant and conductor of stores to the artiUery encamped on 
South Sea Common. From South Sea Castle he was an eye- 
witness to the foundering of the Royal George, and from that 
time his mind became occupied in devising some jdan for 
raising, or, should that be imjiracticable, for destroying the 
wreck. On the treaty of jieace with Anierica being ratified, he 
returned to Woolwicli, where Ife was made ins))cctor of the 
proof, which situation he held at the timi^ of his death. Here 
he devoted his leisure hours to the scientific ])ursuits on which 
the TOole energies of his mind were bent, and’ which his in- 
ventive genius enabled him to exhibit in a scries of most ex- 
traordinary and valuable inventions. These it would be useless 
to attenqit to describe in a mere biographical sketch, it must, 
therefore, suffice if some of the most remarkable be enumerated. 
And first may be numtioned the “ Sun Proof,” by which the 
soundness of the intmior of ordnance is scrutinised most ef- 
fectually, and this proof is* considered so decidedly superior to 
all others, that it is still believed to be u*scd in thC| royal 
arsenal, and doubtless many a brave fellow is indeoted for his 
lengthened existence to the security thus afforded him from the 
bursting of heavy artillery. A gyn, called “ Bidl’s Gyn,” (also 
still in use in the Royal Military Repository,) bears witness to 
his inventive genius, as do further, mi cflective petard, (a model 
of which may be seen at the laboratory, at Woolwich,) a iiip* 
thod of destroying ordnance by means of a ponderous weight 
worked at a considerable altitude, and a variety of minor in- 
ventions and improvements. In 1791, a silver medal and a 
premium of live guineas were awar4ed to him by Society 
of Arts, “ For a safe crane, whereby the lives of persons de- 
scending or ascending precipices, wells, shafts of mines, &c„ 
will be saved, although the Jine by wdiich they are suspended 
may by apeident be broken.” In 1793, he received a further 
premium of twenty guineas from the same society, For a gun 
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and liaq)Oon on a new construction for taking; whales, alter 
satisfactory trials made therewith.” (Vidtj Trans, of this So- 
ciety.) 'Nor must be omitted the notice of his invention for 
destroying sunken bodies by the o])cratioii of gunpowch'r, the 
result of his reflections on the fate of the Rc)yal George. 
Tlaving proved its ])racticability by blowing up a sunken rock 
in the Fritli of Forth, lie further demoUvStrated its lUility by ex- 
periuKUits performed at Woolwich before the Duke of Uich- 
inond and other military gentlemen. Having directed a vessel 
to be built upon a scah? of one inch to fifty of the thickness of 
tlic Royal George’s side, he caused it to be sunk in the Thames, 
and with 501bs. rf gunpowdei', afterwards conducted into her 
magazine, bhnv her to ])ieces. Hie experiment took place at 
liigh water, and answered every expectation of the inventor. A 
further experiment was 'made, wliich seemed to promise sne- 
^ccss, viz., the breaking of chains or booms laid across rivers, 
l)y means of a niiine of guniiowder. (Vidij Gents. Mag. for 
1789, pages 753 and 9-17.) From this it is evident that, liut 
for his premature deatli^ the Royal George luid long ago ci^ased 
to engage the inventive faculties of sciimlific mimls. Colonel 
Pasley, who is now occupied on that wreck, to his highest 
lioiioiu’bc it spoken, has in a recent lettm* to thi^ Times, gene- 
rously award(.'d to Lieut. Bell his ready assent to the cli^m of 
liis being the first projector of this scheme for her demolition, 
although he had not been previously acquainted with it. 

“ But the invention which of all others entitled him to a place 
?s well among the “ sons of genius,” as among the benefactors 
of mankind, is that of the ‘‘ Apiiaratus for rescuing shipwrecked 
mariners,” for which the world generally considers itfJelf in- 
d(dit(*-d to Captain Maub}'. Without tlie least desire to adi ance 
any claim derogatory to the fair fame* of the gallant captidn, wo 
must be peymitted to adduce such proofs as ju’c afforded (and 
these, we consider, are incontrovcilible) that the real merit of 
the invention belongs solely, and in every material respect, to 
the departed genius whose memoiy we r.ow seek to perpetuate, 
llis untimely death afforded Captmn Manby the opportunity 
of bringing it more decidedly before the ])iiblic, and of ob- 
taining the high emolument of which it was considered de- 
serving ; let him, therefore, permit the empty honour to gild 
the escutcheon of the undoubted proto-inventor. It is scarcely 
necessary to describe the apparatus, since there can be but few 
persons who arc unacquainted frith its nature and u.se.s. The 
models of the whole apparatus, originally deposited by Lieut. 
Bell, may be inspected in the rooms of the Society for the 
Encouragement of Arts and Sciences. Several successful ex- 
periments were made at Woolwich before theJ)uko of Rich- 
VoL. V.— No. 25, July, 1840. K 
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nioml, then Master-General of the Ordnance, and other distin- 
guished “and scientific individuals, when Lieut. Bell, by dis- 
chargjng a shell Irom a mortar, threw on shore a rope, by 
w'hich he drew himself to the land with perfect ease, of which 
exploit a living witness now resides at Woolwich, namely, Mr. 
Laycoclv, vvlio at that time served in tlic Royal Ailillerv- ITis 
success was so j^crfectly satisfactory, that, in 179!2, a jmunium 
ol'fill}' guineas was awarded to him for the invention b}' the 
Society of Arts. It would seem that Captain Manby’s claim 
to tile originating of this contrivance rested solely upon the 
subtle distiuction of his throwing a lino across the ship from a 
nuulai* on shore, whilst Lieut. Bell’s has been thought to sug- 
go'-t the throwing it from the vessel only. The following ex- 
tract tVom Lieut. Bell’s obsenations, transmitted to the Socii^ty 
of Art^, and published in their transactions, proves that his 
plan comprehended both those methods : — “ there is evciy 
reason to conclude that this contrivance would be very useful 
at all ports of difficult access, both at homo and abroad, wlior(j 
shi])s arc liable to strike ground before they enter the harbour, 
as Shields Bar, and other similar sitnaiions, when a line might 
be ihrou'H over the ship, which might probably be the means 
of saving both lives and property; and, moreover, if a ship 
were driven on shore near such a place, the apparatus might 
easily be removed to afford assistance; and the whole jier- 
£)nnance is so exceedingly simple, tfmt any person once seeing 
it done, would not want any further instruction. (Vide Trans, 
of tlie Society of Arts, vol. 25, page 135.) 

In addition to the above convincing proofs of the right of 
to the honour of this invention, two extracts arc 
subjoined — First, from Taent. General Farrington’s letter of 
Dili .January, DOS, transmitting rejjort of the committee of 
fit?ld ofiicers of artillery at Wooiwicli on the Manhy apjifiratus, 
in which the lieut.-genoral states, ‘‘that this invention was 
brought foiward by tlu* late laciit. llell, of the Royal Artillery, 
nearly fourteen years since; liis idea was to project the rope 
from the ship tin; shore, which is assuredly the method 
most to be dejiended upon, as the vessel in that case carries 
the means with it, and need not rely on any fortuitous assist- 
ance from the shore.” AnJ, secondly, an extract from tlie 
letter of Colonel Ramsay, dated October, 1808, containing a 
report of field officers of artiU(‘ry on the Manby apparatus, in 
which the colonel states, “ that Lieut. Bell was presented 
with a iwcmium from the Soci«‘ty of Arts for a similar appli- 
cation of ordnance to come from the sbij) to the shore, and for 
having also suggested its utility in projeciiny the rope from 
the land to vessels in danger of being wrecked.” (Vide report 
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of the committee of the House of Commons on the application 
of Captain Manby for remuneration for the apparatus,) 

If any proof be recjuired in addition to the above of the true 
person entitled to the merit of this viduable invention, it miglit 
be found in the fact of the House of Commons having, in the year 
1815, voted the sum of £500 to Mrs. E. Whitliold, as a reward for 
the ingenuity of her fatlier, in discovering the apparatus ibr res- 
cuing persons in danger of losing their lives by shipwrecks. 

“ Little more remains to be said ; his reputation as a man of 
sound practical science was now fully established, and in 1703 
he was presented by the Duke of Richmond, who had fre- 
(luently witnessed his experiments and unreservedly expressed 
his high opinion of his abilities, with a commission as secojid 
liciitenaut in the Royal xVrtillery. Somewhere about this time 
he was despatched on a secret expedition, which had for its 
obje(U the destruction of the Dutch fleet in thi» 'I exel, biit 
whicli was abandoned. In January, 1791, he was promoted 
to tlio rank of first lieutenant in the Invalid Battalion in the 
same regiment, and ill this station continued till his death. 
Lieut. Bell died suddenly at liueenborough, on the 1st June, 
1798, ill the height of Ips successful career, whilst engaged in 
improi'ing and fitting out the fire-shijis tlu re, after having de- 
voted his best energies to the service of his country, to the 
interests of science, and to the cause of humanity, without 
ha\ ing reaped those pecuniary benefits which he might have 
reasonably anticijiated as the rewaixl of untiring exertions, ter- 
niiiiatiiig in a series of valuable discoveries.” — United i^icrvice 
JoiirnaL 


Photogenic Art — tlngraving. 

It was stated last w'cek, that Dr. Berros, of Vienna, had 
discovered a method of fixing the impressions produced by 
Daguerreotyphy, by means of which these productions can be 
einploycd instead of engraved plates, and copies therclroiii 
})riiited, as in the course of the ordinary cojiper plates, &c. We 
now give a copy of the doctor’s account of his discovery : — 

‘‘ It was announced in the Yicnna Gazette of the IStJi of 
Ai>ril last, that I had succeeded in discovering a method by 
which I w^as enabled both pciinanently to fix the pictures jn’o- 
duced by the method of Daguene, and to remder them a\ ail- 
able to all the purposes of, etchings upon copper, steel, &c. 
from which cojiies might be struck off to any extent, as in tlie 
case of ordinary engraved productions ; and it was stated in 
the same newspaper, that I proposed bringing my discovery 
immediately before the public. 
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As a .member of this distinguished society, I consider it 
my duty, first, to make known to this learned body a discovery 
v/hich creates so mucli liope, and which promises so great a 
benefit to tlie arts and sciences. The well known expenses 
and difiiculties attendant on the publication of an extensive 
work, requiring engravings as illustrations, led me, in the first 
instance, to hoj)e that 1 might be enabled to render the dis^ 
covery of Daguerre available by iuiprovements, to represent 
and fix the objects necessary to my work ; and the first view 
of a heliographed i)icture aroused in me the (\psire also to re- 
present, in the same manner, microscojnc obiEjcts, although 
attempts, with the strongest lamplights, to prods je engiavings 
or etchings had been iinsuccesslul, and the idea abandoned as 
hopeless, until revived by a sight of the hyrlro-oxygen gas 
microscope of M. Sohuh, of llcvlin, an instrument which, in 
its poAver and clearness, has ngver before been eqiudled or even 
approached. On the 27th February last, I had the honour of 
laying before the learned body the results of the united in- 
vestigations of my distinguishr/d coHeague, Professor do 
Ettingshausen, and myself updh this subject, and the per- 
fectly successful experiments of j ictiirqs prepared through the 
process of photogpphy upon microscopic objects. Many 
specimens of the results of our researches and successful at- 
tempts to employ photograjdiy for sdentific and useful pur- 
])oscs are now placed before you for examination. Through 
this new method, the Daguerreotype is rendered more exten- 
sively available for scientific uses. Everj' object which is dis- 
cemililg to the eye with clearness, can, in the future, tliroLigh 
the means of the iodined silver plates, be ^minutely etched, 
and, tnie to nature, (for slic is herself the artist!) be copied 
with the minutest exactness, ^^ut the beautiful represienta- 
tioiis which wc are able to produce through the m^ans of the 
Dagueneotype are liable to s, "aany injuries, and are so deli- 
cate, fragile, and evanescent, that lliey never can he rendered 
available for illustrating works of science and other useful 
purposes. 

“ In a I’etersburgh newspaper, of March last, T first saw an 
account of some attempts to bring the Daguerreotype process 
into general use. In the meantime, Mr Daguerre had declared, 
before the institute of I^aris, the complete failure of all liis at- 
tempts, by means of etching, to obtain the impression even of 
a single copy. 

The experiments at St. PetersSurgh, and tjie hiope of even- 
tual success, urged me to attempt to make some use of the 
Daguerreotype pictures ; and I began, at the commencement 
of this month, my series of experiments. Without recapitu- 
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lating all these, in whicli I was assisted with cordial zeal by 
M. Francis Kraiochwila (a gentleman in the employ of goveni- 
mcnt), and by M. Schiih, who placed at my disposal an im- 
niense number of Daguenreotype plates, and before I come to 
an explanation of the process by whicli I render these Da- 
gueiTootype pictures peniuiiient and capable of further use, 

I consider it necessary to lay before this learned body the fol- 
lowing observations: — 

1st, With the copper plates, as used at present in the 
Daguerreotype process, >ve can effect only the permanently 
fixing, never the etching and printing of copies therefrom. 

2nd, For the heliographic etchings, it is nec(*ssary that the 
picture be produced with the required intensity, upon pure 
chemical silver plates. 

“ :lrd. The etching of the Daguerreotype jjicture is produced 
through the inlluence of nitric aaid, to bo explained hiweafter. 

4th, For the permanently fixing of the Daguerreotype im- 
pression, a galvanic ])owcr is necessary. 

“ 5th, For the clianfting of the Daguenvotype ])i(*ture into 
a deep metal etching, so as td be used as a means of printing, 
the chemical process of etching is of itself sufficient. 

“ My newly discovered method of managing the Daguerreo- 
type pictures may bo divided into two processes : 

“ 1st, The permanently fixing the design. 

“ 2nd, The changing of the design, wlicn once permanently 
fixed, into an etching upon the plate. 

“ The method of permanently fixing the DagueiTcotype pic-^ 
turc with a transparent metal coating consists in the f'erli^jwing 
process : — 

“ I take the pictures produced ia the usual manner, by the 
Daguerreotype process, hold, them for some minutes over a 
moderatcly-warincd nitric acid vapour, or steam, and then lay 
them in nitric acid of 13‘^ to 14^ Reaumur, in which a con- 
siderable quantity of copper or silver, or both together, has 
b^en previously dissolved. Sh^ly after being placed therein, 
a precipitate of metal is fonnec^iand can now be changed to 
what d(?gree of intensity I desire. I then take the lieliographic 
picture coated with metal, plage it in water, clean it, dry it, 
polish it with chalk or magnesia and a dry cloth or soft Ica-^ 
ther. After this process die coating will become clean, clear, 
and transparent, so that the picture can again be easily seen. 
The greatest care and attention are required in preparing the 
Daguerreotype impressions intended to be printed from. The 
picture must be carefully freed from iodine, and prepared upon 
a plate of the most chemically pure silver. 

That the production of this picture should be certain of 
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succeedin^ 5 , according to the experiments of M. Kratochwila, 
it is necessary to unite a silver with a copperplate; while, 
upon other occasions, without being able to exY)laiii the rea- 
sons, deep etchings or impressions are produced, without the 
assistance of the co])per plate, upon pure silver ])late. 

‘‘ The plate w'ill now, upon the sj^ot where acid ought not to 
have dropped, be varnished ; then held for one or two minutes 
over a weak warm vapour or steam, of to :30‘^ (Reaumur), 
of nitric acid, and then a solution of gum arabic, of the con- 
sistence of honey, must be ])om*ed over it, and it must be 
])laced in an horizontal position, with the impression u})per- 
inost, for some minutes. Then place the plate, by means of a 
.kind ofdoubh'. ])incette (w'hose ends are ))rotected by a coating 
of asphalt or hard w'ood), in nitric acid, at 1^2'^ or 13 ' (Reaumur). 
Let the coating of gum slowdy melt off or disappicar, and com- 
lueuce now* to add, though eiirefully and gradually, at a dis- 
tance IVom the picture, a holiilion of nitric acid, of from 25^ to 
33 for the })ur]K>s(:‘ of dee])eniug or increasing the etching 
power of the solution. vVfter the acid has arrived at 10'^ to 
17'^ (Reaumur), and gives off a' ])eculiar biting va])onr, which 
])ow^erfully aflc‘cts the seus(i of smellvig, the metal becomes 
softened, and then, generally, the process eonnnences chang- 
ing the shadow' upon the plate into a deep engraving or etching. 
TJiis is the decisive moment, and upon it must be bestow'ed llic 
greatest attention. The best method of pro\ing if the acid be 
strong enough is to a])])ly a drop of the acid in which the ])late 
now lies to another plate ; if the acid make no impression, it 
is, of :?nrse, necessary to continue adding nitric acid ; if, how- 
ever, it corrode too deeply, then it is necessiuy to add water, 
the acid being too strong. ' Tlie greatest attention must be be- 
stow cd upon this process. If the acid has been too ])otont, a 
fermentation or w'hitc irotli will cover the wdiole jheture, and 
thus not alone the surface of the picture, but also the whole 
surface of the plate, will quickly be con*oded. When, by a 
proper strength of the etching powers of the acid, a soft a?id 
expressive outline of the picture shall be producedl^; then may 
we hoj)e to finish this undertaking favorably. We have now 
only to guard against an ill-iqeasured division of the acid, and 
the avoidance of a precipitate. , To attain this end, I fre- 
quently lift the plate out of the fluid, taking care that the 
etching pow.er shall be directed to whatever part of the plate it 
may have worked the least, and spek to avoid the bubbles and 
precipitate by a gentle movement of the acid. 

In this manner the process can be continued to the proper 
points of strength and clearness of etching required upon the 
plates from which it is proposed to print. I believe that a man 



Miscellaneous Arlicks, 


79 


of talent, who might be interested with tliis art of etching, and 
who had acquired a certain degree of dexterity in ^nvparing 
f(n* it, would very soon arrive at the greatest cleaniess and per- 
iection; and, from my experience, 1 consider that he would 
soon be able to simplify the whole process. I have tried very 
often to omit the steaming and the gum arabic ; but the result 
was not satisfactory, or the piebire v('ry soon afu'r Avas entir(‘ly 
destroyed, so that I was compelled again to have recourse to 
them. 

The task which I have undertaken is hoav fully ])erform(‘d, 
by ]dacing in the hands of this learned body my method of 
etching and printing from the I )aguerv6otype plates, AAhich 
information, being united to the knowledge and inatliematical 
experience we already p<»ssess, and published to tlie world, 
may o])en a road to extensive imjm)V(nnent in the arts and 
sciences, lly thus laying open my statement to the scioiitific 
wodd, I lio])e to ]n*o\e my devc-tion to the arts and sciences, 
which can end only with iny life.” 


Discovery of the 'Mariners' Compass. 

9 

Much interest must for ever attach to the discovery of this 
instrument, and yet there are few subjects concerning which 
is less known. For a period, the honour of the invention was 
ascribed to Gioia, a pilot, or ship captain, born at Pasitauo, 
a small village situated near Malphi, or Amalfi, about the end 
of the thirteenth century. Ilis claims, however, have been 
disputed. According to some, he did not invent but improve 
it ; and according to others, he did neither. Much learning 
and labor have been bestowed upon the subject of the dis- 
covery. It has been raaintamed by one class, that even the 
Phcjenicians were the inventors; by another, that the Greeks 
and Romans had a knowledge of it. SucH notions, however, 
have been completely refuted. One passage nevertheless, of 
a ivery remarkable character, occurs in the work of Cardinal 
de Vitry/ii^shop of Ptolemais, in Syria. He went to Pales- 
tine during the fourth crusade, about the year 1204; be 
returned afterAvards to Europe, > and subsequently went back 
to the Holy Land, where he wjote his Avork entitled* ‘^Historia 
Orientalffe,” as nearly as^an Fe determined; between the years 
1215 and 1220. In ’ chap, xci of thaf work he has this 
singular passage ; — ** the iron needle, after contact with the 
loadstone, constantly turns to the north star, which, as the 
axis of the firmament, remains immoveable, whilst the others 
revolve ; and hence it is essentially necessary to those navi- 
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gating on the ocean,” These words are as explicit as they 
are extraordinary ; they state a, fact, and announce a use. 
The thing, therefore, which essentially constitutes the coin- 

? ass, must have been known lon^ before the birth of Gioia. 

n addition to this fact, there is another equally fatal .to his 
claims as the original discoverer : it is now settled beyond a 
doubt, that the Chinese were acquainted with the compass 
long before^he Europeans. It is certain that there are allu- 
sions to. the magnetic needle in the traditionary period of 
Chinese history^ 'about”2,600 year's before Christ; and a still 
more cretUble account of tt is found in the xcign of Ching- 
.wang, of j^e Chow dynasty, before Christ 1,114. All this, 
however, ^/ihay -be granted, without in the least impairing the 
just claims of Gioia to the ^titude of mankind. ^ The truth 
appears to be thisr |he position of Gioia; in relation to the 
compass, was preefeely that of Watt in relation to the steam 
engide — the element existed, he augmented its utility. « The 
compass used by the mariners in the Mediterranean, during 
the twelfth and thirteenth c^ntures, was a very uncertain and 
unsatisfactory apparatus. It >oonsisfteti only of a magnetic 
needle floating in a vase or hasih by means of two straws or 
a bit of cork supporting it on tlife surface of the water. The 
compass used by the Arabians in the thirteenth century was 
an instrument of exactly the same description. Now. the in- 
convenience and ineffiemey of such sih apparatus are obvious ; 
the agitation of the ocean, and, the tossing of tho vessel, 
might render it useless in a moment. But Gioia placed the 
magnetized needle on a pivot, which permits it to turn to all 
. sides, Ji:ith facility. ~ Afterwards, 4 vas attached to a card, 
divided into thirty4wo points, caUed Rose dcs Vents ; and 
then the box containing it was suspended in such a manner, 
that howeyer the vessel might be tossed,' it 'would always re- 
main horizontal. The result of an investigation participated 
by men of various nations,* and possessing the Highest degree 
of competency; msaty thu^ be stated^i The discovery of the 
directive virtue of &ie magnet was made anterior to the tiine 
of Gioia. Before that period, navigators, both in the Medi- 
terranean and Indian seas, employed |;he magnetic needle ; 
but Gioia, by hts invaluablejmprovement iri'‘the principle of 
suspension, is fully’entitJed to the honor of being considered 
the real inventor, in Europe, of compass as it now exists.** — 

QmpbetPs MariUm4 J^covery, * 
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§18. On Induction ( continued). ^ vii. Conduction^ or con- 
dnclive discharge. viii. Electrolytic discharge.^ ix. 
Disruptive disclmrgc — Insulation — Spark — Brush — Dift 
ference of discharge at the positive and negative surfaces 
of conductors. 

• ■' ’ . ■'it 

1318. 1 proceed now, according to my promise, 
amine, by the ^reat facts of electrical science, that theory of 
induction which I have ventured to put forth (1165. 1295. &c.) 
The principle of induction is so universal that it pprvades all 
electrical phenomena ; but the general case which I purpose 
at present to go into, consists of insulation traced into and 
terminating with discharge, with the accompanying effects. 
This case includes the various modes of discharge, and also 
the condition and characters of a current ; the elements of 
magnetic action being amongst the latter. I shall necessarily 
have occasion to speak theoretically, and, even hypothetically ; 
and though these papery pr^ofess to be experimental researches, 
I hope that, considering t|fe facts and investigations contained 
in the last series in support of the particular view advanced, 
VoL. V — ^0. 2% August, 
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I shall not be considered as taking too much liberty on the 
present occasion, or as departing too far from the character 
which they ought to have, especially as I shall use every 
opportunity which presents itself of returning to that strong 
test of truth, experiment. 

1319. Induction has as yet been considered in these papers 
only in cases of insulation; — opposed to insulation is discharge. 
The action or effect which may be expressed by the general 
term discharge^ may take place, as far as we are aware at 
present, in several modes. Thus, that which is simply called 
conduction involves no chemical action, and apparently no 
displacement of the particles concerned. A second mode 
may be called electrolytic discharge \ in it chemical action 
does occur, and particles must, to a certain degree, be dis- 
placed. A third mode, namely, that by sparks or brushes 
may, because of its violent displacement of the particles of the 
dielectric in its course, be called the disruptive discharge \ 
and a fourth may, perhaps, be conveniently distinguished for 
a time by the words convection^ or carrying discharge^ being 
that in which discharge is effected either by the carrying 
power of solid particles, or those of gases and liquids. Here- 
after, perhaps, all these modes may <ij)pcar as the result of 
one common principle, but at present they require to be con- 
sidered apart ; and I will now speak of the Jirst mode, for 
amongst all the forms of discharge that which we express by 
the term conduction appears the most simple and the most 
directly in contrast with insulation. 

% vii. Conduction, or conductive discharge. 

1320. Though assumed to be essentially different, yet neither 
Cavendish nor Poisson attempt to explain by, or even state 
in,^ their theories, what the essential difference between insu- 
lation and conduction is. Nor have I anything, perhaps, to 
offer in this respect, except that, according to my view of 
induction, both it and conduction depend upon the same mole- 
cular. action of the dielectrics concerned ; are only extreme 
degrees of one common condition or effect; and in any suffi-* 
cient mathematical theory of electricity must be taken as cases 
of the same kind. Hence the importance of the endeavour 
to shew the connexion between them under my theory of the 
electrical relations of contiguous particles. 

1321. Though the action of the insulating dielectric in the 
charged Leyden jar, and that of the wire in discharging it, may 
seemwery different, they may be associated by numerous inter- 
mediate links, which carry us on from one to the other, leaving, 
1 think, no necessary connexion unsupplied. We may ob- 
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servo some of these in succession for information respecting 
the whole case. 

1322. Spermaceti has been examined and found to be a die- 
lectric, through which induction can take place (1240. 1246), 
its specific inductive capacity being about or above 1 *8 (1279,) 
and the inductive action has been considered in it, as in all other 
substances, an action of contiguous particles. 

1323. But spermaceti is also a conductor ^ though in so low a 
degree that we can trace the process of conduction, as it were, 
step by step through the mass (1247.); and even when the 
cdcctric force has travelled through it to a certain distance, we 
can, by removing the coercilive (which is at the same time 
the inductive) force, cause it to return upon its path and re- 
appear in its first place (1245. 1246.) Here induction appears 
to be a necessary preliminary to conduction. It, of itself, brings 
the contiguous particles of the dielectric into a certain condition, 
which, if retained by them, eohstitutes insulation^ but if low- 
ered by the communication of power from one particle to 
another, constitutes ,conducUon, 

1324. If glass or shell4ac*ho the substances under consider- 
ation, the same capabilities of suffering either induction or con- 
duction through them ^ippear (1233. 1239.1247.), but not in the 
same degree. The conduction almost disappears (1239. 1242.); 
the induction therefore is sustained, i. e. the polarized state 
into which the inductive force h^s brought the contiguous par- 
ticles is retained, there being little discharge action between 
them, and therefore the insiUation continues. But, what dis- 
charge there is, appears to be consequent upon that condition 
of the particles into which the induction throws them ; "and thus 
it is that ordinary insulation and conduction are closely asso- 
ciated together, or rather are extreme cases of one common 
condition. 

1325. In ice or water w e have a better conductor than sperm- 
aceti, and the jihenomena of induction and insulation therefore 
quickly disappear, because conduction quickly follows upon 
the assumption of the inductive state. But let a plate of cold 
ice have metallic coatings on its sides, and connect one of 
these with a good electrical machine in work, and the other 
with the ground, and it then becomes easy to observe the 
phenomena of induction through tlie ice, by the electrical ten- 
sion which can be obtained and continued on both the coatings 
(419* 426;) For although that portion of power which at one 
moment gave the inductive condition to the particles is at the 
next lowered by the consequent discharge due to the conduc- 
tive act, it is succeeded by another portion of force from the 
machine to restore the inductive state. If the ice be converted 
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into water, the same succession of actions can be just as easily 
proved, provided the water be distilled, and, (if the machine 
be not powerful enough) a voltaic battery be employed. 

1326. All these considerations impress ray mind strongly with 
the conviction, that insulation and ordinary conduction cannot 
be properly separated when we are examining into their nature; 
that is, into the general law or laws under which their phe- 
nomena are produced. They appear to me to consist in an 
action of contiguous particles, dependent on the forces devel- 
oped in electrical excitement ; these forces bring the particles 
into a state of tension or polarity, which constitutes both induc^ 
tion and insidalion ; and being in this state, the cciitinuous 
particles have a power or capability of communicating their 
forces one to the other, by which they are lowered, and dis- 
charge occurs. Every body appears to discharge (444) ; but 
tlie possession of this capability in a greater or smaller degree 
in diflerent bodies, makes their better or worse conductors, 
worse or better insulators ; and both induction and conduction 
appear to be the same in their principle and action (1320.), 
except that in the latter an effect common to* both is raised to 
the highest degree, wl\creas in the former it occurs in the best 
cases, in only an almost insensible quantity. 

1327. That in our attempts to penetrate into the nature of 
electrical action, and to deduce laws more general than those 
we areatprescntacquaintcdwith,wc should endeavor to bring 
apparently opposite effects to stand side by side in harmonious 
arrangement, is an opinion of long standing, and sanctioned 
by the ablest philosophers. I hope, therefore, I may be ex- 
cused tli^ attempt to look at the highest cases of conduction 
as analagous to, or even the same in kind with, those of induc- 
tion and insulation. 

1328. If we consider the slight penetration of sulphur (12*4 1 . 
1242.) or shell-lac (1234.) by electricity, or the feebler insulation 
sustained by spermaceti (1279. 1240.), as essential conse- 
quences and indications of their conduclmg power, then may 
we look on the resistance of metallic wires to the passage of 
electricity through them as insulating power. Of the numer- 
ous well known cases fitted to shew this resistance in what are 
called the perfect conductors, jfche experiments of Professor 
Wheatstone best serve my present purpose, since they were 
carried to such an extent as to shew that time entered as an 
element into the conditions of conduction* even in metals. 
W^hen discharge was made through a copper wire 2640 feet 
in length, and l-15th of an inch in diameter, so that the lu- 


* ri»ilost»phicaJ Trunsaclims j83l. p, .183. 
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minous sparks at each end of the wire, and at the middle, 
could be observed in the same place, the latter was found to 
be sensibly behind the two former in time, they being by the 
conditions of the experiment, simultaneous. Hence a proof 
of retardation ; and what reason can be given why this retard- 
ation should not be of the same kind as that in spermaceti, or 
in lac, or sulphur ? But as, in them, retardation is insula- 
tion, and insulation is induction, why should we refuse the 
sam.^ relation to the same exhibitions of force in the metals. 

1329. We learn from the experiment, that if time be allowed 
retardation is gradually overcome ; and the same thing obtains 
for the spermaceti, the lac, and glass ; give but time in pro- 
portioii to the retardation, and the latter is at last vanquished. 
But if that be the case, and all the results alike in kind, 
the only^ifFercnce being in the length of time, why should we 
refuse to metals the previous inductive action, which is ad- 
mitted to occur in the other bodies ? The diminution of time 
is no negation of the action ; nor is the lower degree of tension 
requisite to cause the? forces to traverse the metal, as compared 
to that necessary in the coses of water, spermaceti, or lac. 
These differences would only point to the conclusion, that in 
metals the particles Under induction can transfer their forces 
when at a lower degree of tension or polarity, and with greater 
facility than in the instances of the other bodies. 

1330. Let us look at Mr. Wheatstone's beautiful experiment 
in another point of view. If, leaving the arrangement at the 
middle and two ends of the long copper wire unaltered, we 
remove the two intervening portions and replace them by 
wires of iron or platina, we shall have a much greater retar- 
dation of the middle spark than before. If, removing the 
iron, we were to substitute for it only five or six feet of water 
in \ cylinder of the samo^ diameter as the metal, we should 
have still greater retardation. If from water we passed to 
spermaceti, either directly br by gradual steps through other 
bodies, (even though we might vastly enlarge the bulk, for 
tlie purpose of evading the occurrence of a spark elsewhere 
(1331.) than at the three proper intervals,) we shquld have 
still greater retardation, until at last we might arrive, by 
degrees so small as to be inseparable from each other, at 
actual and permanent insulation.. What, then, is to separate 
the principle of these two extremes, perfect conduction and 

! )erfect insulation, from each other; since the moment we 
eave in the smallest degree perfection at either extremity, we 
involve the element of perfection at the opposite end? 
Especially too, as we have not in nature the case of perfection 
either at one extremity or the other, either of insulation or 
conduction. 
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133L Again, to return to this beautiful experiment in the 
various forms which may be given to it : the forces are not all 
in the wire (after they have left the Leyden jar) during the 
whole time (1328.) occupied by the discharge; they are dis- 
posed in part through the surrounding dielectric under the 
well-known form of induction ; and if that dielectric be air, 
induction takes place from the wire through the air to sur- 
rounding conductors, until the ends of the wire are electri- 
cally related through its length and discharge has occurred, 
i. e. for the time during which the middle spark is retarded 
beyond the others. This is well shewn by the old experiment, 
in which a long wire is so bent that two parts (Plate 2, 
fig. 1. a. i.) near its extremities shall approach wdthin a short 
distance, as a quarter of an inch, of each other in the air. If 
the discharge of a Leyden jar, charged to a sufficien^idegrec, 
be sent through such a wire, by far the largest portion of the 
electricity will pass as a spark across the air at the interval, 
and not by the metal. Docs not the middle part of the wire, 
therefore, act here as an insulating medium, though it be of 
metal ? and is not the spark through the air an indication of 
the tension (simultaneous with induction) of the electricity in 
the ends of this single wire ? Why should not the wire and 
the air both be regarded at dielectrics ; and the action at its 
commencement, and whilst there is tension, as an inductive 
action P If it acts through the contorted lines of the wire, so 
it also doc# in curved lines through air (1219. 1224,), and 
’ other insulating dielectrics (1228.) ; and we can apparently 
go so far in the analogy, whilst limiting the case to trie induc- 
tive action only, as to shew that amongst insulating dielectrics 
some leacf away the lines of force from others (1229.), as the 
wire will do from worse conductors, though in it the princinal 
effect is no doubt due to the reidy discharge between tne 

i iarticles whilst in a low state of tension. The retardation is 
or the time insulation ; and it seems to me we may just as 
fairly, compare the air at the interval 6, (fig. 1.) and the. 
wire in the circuit, as two bodies of the same kind and acting' 
1apon the same principles, as far as the first inductive pheno- 
mena are concerned, notwithstanding the different forms of 
discharge which ultimately follbw,* as we may compare, 
according to Coulomb’s investigations, t different lengths of 
different insulating bodies required to produce the same 
amount of insulating effect. 

* These will be examined hereafter (13 tS, &c.) 

t Meinoires dc T Academie, 1786, p. 612, or Enev. Britann. First Supp. 
TOl. I ,p. 611. 
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1332 This comparison is still more striking when we take 
into consideration the experiment of Mr. Harris, ’in which he 
stretched a fine wire across a glass globe, the air within being 
rarefied.* On sending a charge through the joint arrange- 
ment of metal and rare air, as much, if not more, electricity 
passed by the latter as by the former. In the air, rarefied as 
It was, there can be no doubt the discharge was preceded by 
induction (1284.) ; and to my mind all the circumstances 
indicate that the same was the case with the metal ; that, in 
fact, both substances are dielectrics, exhibiting the same effects 
in consequence of the action of the same causes, the only 
variation ^ being one of degree in the different substances 
employed. 

1333. Judging on these principles, velocity of discharge 
through the same wire may be varied greatly by attending to 
the cirumstances which cause variations of discharge through 
spermaceti or sulpliur. Thus, for instance, it must vary 
with the tension or intensity of the first urging force (1234. 
1240.), which tension is charge and induction. So if the two 
ends of the wire,* in Professor Wheatstone’s experiment, were 
immediately connected with two large insulated metallic sur- 
faces exposed to the'air, so that the primary act of induction, 
after making the contact for discharge, might be in part 
removed from the internal portion of the wire at the first 
instant, and disposed for the moment on its surface jointly 
with the air ana surrounding conductors, then ^venture to 
anticipate that the middle spark would be more retarded than 
before ; and if these two plates were the inner and outer coating 
of a large jar or a Leyden battery, then the retardation of that 
spark would be still greater. 

1334. Cavendish was perhaps the first to shew distinctly 
that discharge was not always by one channel,t but, if several 
are present, by many at once. We may make these ditferent 
channels of different bodies, and by proportioning their thick- 
nesses and lengths, may include such substances as air^ lac, 
•spermaceti, water, jnotoxide of iron, iron and silver, and by 
one discharge make each convey its proportion of the electric 
force. Perhaps the air ought to be excepted, as its discharge 
by conduction is questionable at present ; but the others may 
all be limited in their mode of discharge to pure conduction. 
Yet several of them suffer previous induction, precisely like 
the induction through the air, it being a necessary preliminary 
to their discharging action. How can we therefore separate 

* Philosophical Transactions, 1834, p. 242. 

■f* Philosophical Transactions, 1776, p. 197. 
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any one of lliese bodies from the others, as to the principles 
and mode of insulating and oonduefing, oxcept In* mere de- 
gree ? All seem to me to he dicloetries acting alike, and under 
the same common laws. 

1335. I might draw another argument in favor of the 
general sameness, in nature and a(*tion, of good and bad con- 
ductors (and all the bodies I refer to are conductors more or 
less), from the perfect eejuipoise in action of very different 
bodies when opposed to each other in magneto-electric induc- 
tive action, as formerly described (213.), but am anxious to 
he as bi’ief as is consistent with the clear examination of the 
probable truth of my views. 

1336. With regard to the possession by the gases of any 
<*onducting power of the simple kind now' under consideration, 
the question is a very difficult one to determine at present. 
Experiments seem to indicate that they do insulate certain 
low degrees of tension perfectly, and that the effecds which 
may have appeared to be occasioned by conduction have been 
the result of the carrying power of the charged particles, 
either of the air or of dust, in it. , It is equjilly certain, how- 
ever, that with higher degrees of tension or charge they dis- 
charge to one another, and that is conduction. Jf they possess 
the pow'cr of insulating a certain low' degree of tension con- 
tinuously and perfectly, such a result may be due to their 
peculiar physical state, and the condition of separation under 
which their particles are placed. But in that, or in any case, 
we must not forget the fine experiments of Cagniard de la 
Tour,* in which he has shewn that TKpiids and their vapors 
can be made to pass grfidually into each other, to the entire 
removal of any marked distinction of the two states. Thus, 
hot dry steam and cold watbr pass by insensible gradations 
into each other; yet the one is ampongst the gases as^n insu- 
lator, and the other a comparatively good conductor. As to 
conducting power, therefore, the transition frotft metals even 
up to gases is gradu{il ; substances make but one series in this 
respect, and the various cases must come under one condition 
and law (444.) The specific differences of bodies as to con- 
ducting power only serve to strengthen the general argument 
that conduction, like insulation^ is a result of induction, and 
is an action of contiguous particles. 

1337. I might go on now to consider induction and its 
concomitant, conduction^ through mixed dielectrics, as, for 
instance, when a charged body, instead of acting across air 
to a distant uninsulated conductor, acts jointly through it and 

^ Aiinalcsijo Chiniie, xxi. pp.127.178. or Quarterly Journal of fScience, 
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aa interposed insulated conductor. In such a case, the air 
and the conductiiig body are the mixed dielectrics*; and the 
latter assumes a polarized condition as a mass, like that which 
my theory assumes each particle of the air to possess at the 
same time. But I fear to be tedious in the present condition 
of the subject, and hasten to the consideration of other matter. 

1338. To sum up, in some degree, what has been said, I 
look upon the first effect of an excited body upon neighbouring 
matters to be the production of a polarized state of their par- 
ticles, which constitutes induction ; and this arises from its 
action upon the particles in immediate contact with it, which 
again act upon those contiguous to them, and thus the forces 
arc transferred to a distance. If the induction remain undi- 
minished, then perfect insulation is the consequence ; and 
die higher the polarized condition which the particles can ac- 
(piire or maintain, the higher is the intensity which may be 
given to the acting forces. If, on the contrary, the contigu- 
ous particles, upon acquiring the polarized state, have the 
power to communicate their forces, then conduction occurs, 
and the tension is lowered, conduction being a distinct act of 
discharge between neighbouring particles. The lower the 
state of tension at which this discharge between the particles 
of a body takes place, the better conductor is that body. In 
this view, insulators may be said to be bodies whose particles 
can retain the polarized state : whilst conductors are those 
whose particles cannot be permanently polarized. If I be 
right in my view of induction, then I consider the reduction 
of these two effects (which have been so long held distinct) to 
an action of contiguous particles obedient to one commgn law, 
as a very important result; and, on the other hand, the 
identity of character which the two acquire when viewed by 
the Kieor^ (1326.), is additional presumptive proof in favor 
of the coiTectncss of the latter. 


4339. That heat has great influence over simple conduction 
is ‘well known (445.), its effect being, in some cases, almost 
an entire change of the characters of the body (432. 1340.) 
Harris has, however, shewn that it in no respect affects gas- 
eous bodies, or at least air;* and Davy has taught us that, as 
a class, metals have their conducting power diminished by it.t 
1340. I formerly described a substance, sulphuret of silver, 
whose conducting power was increased by heat (433. 437. 
438.) ; and I have since then met with another as strongly 

♦ Philosophical Transactions, 1334, p. 230, 
t Ibid. 1821. p. 431. 

VoL. V. — No. 26, Augusty 1840. 


M 



9p Dr. Faraday’s liesearches in Electricihj. 

affected in the same way : this is fluoride of lead. When a 
piece of that substance, which had been fused and cooled, was 
introduced into the circuit of a voltaic battery, it stopped the 
current. Being heated, it acquired conducting powers before 
it was visibly red hot in daylight ; and even sparks could be 
taken against it whilst still solid. The current alone then 
raised its temperature (as in the case of sulphuret of silver) 
until it fused, after which it seemed to conduct as well as the 
metallic vessel containing it ; for whether the wdre used to 
(‘ornplctc the circuit touched the fused fluoride only, or was in 
contact with the platina on which it was supported, no sensible 
difference in the current was observed. l)uring all the time 
there was scarcely a trace of decomposing action on the 
tluorido, and what did occur seemed referable to the air and 
moisture of the atmosphere, and not to electrolytic action. 

1341. I have now very little doubt that periodide of mer- 
cury (414. 448. ()!)!.) is a case of the same kind, and also 
corrosive sublimate (d9*2). 1 am also inclined to think, since 

making the above experiments, that the anomalous action of 
the protoxide of antimony, formerly obsenwed and desi;ribed 
(G93. 801.), may be referred in part to the same cause. 

1312. I have no intention at preseVit of going into the par- 
ticular relation of heat and electricity, but we may hope here- 
after to discover by experiment the law which probably holds 
together all the above etlects with those of the evolulioa and 
the disappearance of heat by the current, and the striking and 
beautiful results of thermo-electricity, in one common bond. 

^iii. Electrolytic Discharge. 

1343. 1 have already e'xprcssed in a former pajmr (1164.) 
the view by which 1 hope to associate ordinary indue tio'n and 
electrolyzation. Under that view, the discharge of elec- 
tric forces by electrolyzation is rather an effect superadded, 
in a certain class of bodies, to those already described as con- 
stituting induction and insulation, than one independent* of, 
and distinct from, these phenomena. 

1344. Electrolytes, as respects their insulating and con- 
ducting forces, belong to the general category of bodies 
(1320. 1334.); and if they arc in the solid state (as nearly all 
can assume that state), they retain their place, presenting 
then no new phenomenon (426, &c.) ; or if one 0(‘.cur being 
in so small a proportion as to be almost unimportant. When 
liquefied, they also belong to the same list whilst the electric 
intensity is below a certain degree ; but at a given intensity 
(910.912. 1007.), fixed for each, and very low in all known cases, 
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t!iey play a new part, causing discharge in proportion (783.) 
to the developcment of certain chemical effects of combination 
and decomposition ; and at this point, move out from the 
the general class of insulators and conductors, to form a dis- 
tinct one by themselves. The former phenomena have been 
considered (1320. 1338.) ; it is the latter which have now to 
be revised, and used as a test of the proposed theory of 
induction. 

1.345. The theory assumes, that the particles of the dielec- 
tric (now an electrolyte) are in the first instance brought, by 
ordinary inductive action, into a polarized state, and raised to 
a certain degree of tension or intensity before discharge com- 
mences ; the inductive state being, in fact, a necessary 
preliminary to discharge. By taking adviintage of those cir- 
cumstances which boar upon the point, it is not difficult to 
increase the tension indicative of this state of induction, and 
so make the state itself more* evident. "I'hus, if distilled 
water be employed, and a long narrow portion of it placed 
between the eleclrgdc* of a powerful voltaic battery, we have 
at once indications of the intensity which can be sustained at 
tliese electrodows by the inductive action through the water as 
a dielectric, for sparks *may be obtained, gold leaves diverged, 
and Leyflen bottles charged at their wires. The water is in 
the condition of the spermaceti (1322. 1323.), a bad conductor 
and a bad insulator ; but what it does insulate is by virtue of 
inductive action, and that induction is the preparation for, and 
precursor of, discharge (1338.) 

134G. '^riic induction and tension which appear at the limits 
of the portion of water in the direction of the current, tfle only 
tlie sums of the induction and tension of the contiguous par- 
ticloj between those limits ; and tlfc limitation of the inductive 
tension, to a certain degree Shews (time entering in each case 
as an important element of the result), that when the par- 
ticles have acquired a certain relative state, discharge^ or a 
transfer of forces equivalent to ordinary conduction, takes 
place. 

1347. In the inductive condition assumed by water before 
discharge comes on, the particles polarized are the particles 
of the ivater^ that being the dielectric used ; but the discharge 
between particle and particle is not, as before, a mere inter- 
change of their powers or forces at the polar parts, but an 
actual separation of them into their two elementary particles, 
the oxygen travelling in one direction, and carrying witli it 
its amount of the force it had acquired during the polarization, 
and the hydrogen doing the same thing in the other direction, 
until they each meet the next approaching particle, which is 

I 
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in the same electrical state with that they have left, and by 
association of their forces with it, produce what constitutes 
discharge. This part of the action may be regarded as a 
carrying one (1319.), performed by the constituent parti- 
cles of the dielectric. The latter is always a compound 
body (664. 823.); and by those who have considered the 
subject and are acquainted with the philosophical view of 
transfer which was first put forth by Grotthuss,* its particles 
may easily bo compared to a series of metallic conductors un- 
der inductive action, which, whilst in that state, are divisible 
into these elementary movable halves. 

1348. Electrolytic discharge depends, of necessity, upon 
the non-conduction of the dielectric as a whole, and there arc 
two steps or acts in the process : first a polarization of the 
molecules of the substance, and then a lowering of the forces 
by the separation, advance in opposite directions, and recom- 
bination of the elements of the molecules, they being, as it 
w'ere, the halves of the originally polarized conductors or 
particles. 

1349. These views of the decomposition of electrolytes and 
the consequent effect of discharge, which, as to the particular 
case, are the same with those of Grotthuss (481.) and Davy 
*(482.), though they differ from those of Biot (48/.) De la 
llive (490.), and others, seem to me to be fully in accordance 
not merely with the theory I have given of induction generally 
(1165.), but with all the known facts of common induction, 
conduction, and electrolytic discharge ; and in that respect 
help to confirm, in my mind, the truth of the theory set forth. 
The new mode of discharge which electrolyzation presents 
must surely be an evidence of the action of contiguous par^ 
tides ; and as this appears to depend directly upon a previous 
inductive state, which is the same with common ii/duction, it 
greatly strengthens the argument which refers induction in all 
cases to an action of contiguous particles also (1295, &c.). 

1350. As an illustration of the condition of the polari'^ed 
particles in a dielectric under induction, I may describe an 
experiment. Put into a glass vessel some clear rectified oil 
of turpentine, and introduce two wires passing through glass 
tubes where they are at the Surface of the fluid, and termi- 
nating either in balls or points. Cut some very clean dry 
white silk into small particles, and put these also into the li- 
quid; then electrify one of the wires by an ordinary machine 
and discharge by the other. The silk will immediately gather 
from all parts of the liquid, and form a band of particles 


Annals dc Cliiniic, Ixviii. and Ixiii. 
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reaching from wire to wire, and if touched by a glass rod will 
shew considerable tenacity ; yet the moment the supply of 
electricity ceases, the band will fall away and disappear by 
the dispersion of its parts. The conduction by the silk is 
in this case very small ; and after the best examination I 
could give to the effects, the impression on my mind is, that 
the adhesion of the whole is due to the polarity which each 
filament acquires, exactly as the particles of iron between the 
poles of a horse-shoe magnet are held together in one mass by 
a similar disposition of forces. The particles of silk therefore 
represent to me the condition of the molecules of the dielec- 
tric itself, which I assume to be polar, just as that of the silk 
is. In all cases of conductive discharge the contiguous polar- 
ized particles of the body are able to effect a neutralization 
of their forces with greater or less facility, as the silk does 
also in a very slight degree. Further we are not able to 
carry the parallel, except in imagination ; but if we could 
divide each particle of silk into two halves, and let each half 
travel until it met and united with the next half in an opposite 
state, it would then exert its carrying power (1347.), and so 
far represent electrolytic discharge. 

1351. Admitting tllat electrolytic discharge is a conse- 
quence of previous induction, then how evidently do its 
numerous cases point -to induction in curved lines (1216.), 
and to the divergence or lateral action of the lines of induc- 
tive force (1231.), and so strengthen that part of the general 
argument in the former paper 1 If two balls of platina, form- 
ing the electrodes of a voltaic battery, are put into a large 
vessel of dilute sulphuric acid, the whole of the surfaces are 
covered with the respective gases ^in beautifully regulated pro- 
portions, and the mind has no difficulty in conceiving the di- 
rection of the curved lines of discharge, and even the intensity 
of force of the^ different lines by the quantity of gas evolved 
upon the different parts of the surface. Hence the general 
effects of diffusion ; the appearance of the anions or cathions 
round the edges on the further side of the electrodes when in 
the form of plates ; the manner in which the current or dis- 
charge will follow all the forms of electrolyte, however con- 
torted. Hence the effects which Nobili has so well examined 
and described* in his papers on the distribution of currents 
in conducting masses. All these effects indicate the direction 
of the currents or discharges which occur in and through 
the dielectrics, and these are in every case preceded by 
equivalent inductive actions of the contiguous particles. 

♦ BibUotheque UnWersellr, 1^35, -116. 
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1352. Ilencc also the advantage, when the exciting for(*es 
are 'weak or require assistance, of enlarging the mass of the 
electrolyte ; of increasing the size of the electrodes ; of 
making the coppers surround the zincs : — all is in harmony 
with the view of induction which I am endeavoring to examine ; 
T do not perceive as yet one fact against it. 

1353. 'Fhere are many points of electrolytic discharge whicli 
ultimately will require to be very closely considered, though 
I can but slightly touch upon them. It is not that, as far as 
I have investigated them, they present any contradiction to 
the view taken (for I have carefully, though unsuccessfully, 
sought for such cases), but simply want of time as yet to 
pursue the inquiry, uhich prevents me from entering upon 
thorn here. 

1354. One point is, that different electrolytes or dielectrics 
require different initial intensities for their decomposition 
(912). 'Jliis may depend upon the degree of polarization 
which the particles reejuire before electrolytic discharge 
comiYlenccs. It is in direct relation to*' the chemical affinity 
of the substances concerned ; arid will jrrobably be found to 
have a relation or analogy to the specific indiu'tive capacity 
of different bodies (1252. 12!)().). It Hius promises to assist 
in causing the great truths of those extensive sciences, which 
are occupied in considering the forces of the particles of 
matter, to fall into much closer order and arrangement than 
they have heretofore presented. 

1355. Another point is, the facilitation of electrolytic 
conducting power or discharge by the addition of substances 
to the dielecliic employed. This effect is strikingly shewn 
where water is the body whose qualities are impro^e(l, but, as 
yet, no general law governing all the phenomena has been de- 
tected. Thus some acids, as the sulphuric, idiosphoiic, oxalic, 
and nitric, ineniase the power of water enormously ; whilst 
others, as the tartaric and citric acids, give but little power ; 
and others, again, as the acetic and boracic acids, do rot 
produce a change sensible to the voltameter (739.). Ammonia 
produces no effect, but its carbonate docs. The caustic 
alkalies and their carbonates produce a fair effect. Sulphate 
of soda, nitre (753.), and mafiy soluble salts produce much 
effect. Percyanide of mercury and corrosive sublimate pro- 
duce no effect ; nor does iodine, gum, or sugar, the test being 
a voltameter. In many cases the added substance is acted 
on either directly or indirectly, and then the phenomena are 
more complicated ; such substances arc muriatic acid (758.), 
the soluble protochlorides, (760.), and iodides (76!).), nitric 
acid (752.), &c. In other cases the substance added is not, 
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when alone, subject to, or, a conductor of the powers of the 
voltaic battery, and yet both gives and receives power avIicii 
associated with water. M. de la Rive has pointed this result 
out ill wsulphurous acid,"*^ iodine and brominet; the chloride of 
arsenic produces the same eticct- A. far more striking case, 
however, is presented by that very influential body sulphuric 
acid probably phosphoric acid also is in the same 

peculiar relation. 

1;15(). It would seem in the cases of those bodies which 
sufler no change themselves, as sulphuric acid (and perhaps 
ill all), that they aftect water in its conducting power only as 
an electrolyte ; for whether litthi or much improved, the decom- 
position is proportionate to the quantity of electricity passing 
(727. 730.), and the transfer is therefore due to electrolytic 
discharge. This is in accordance ivith the fact already stated 
as regards water (984.)‘ that the conducting power is not 
improved for electricity of for6e below the electrolytic inten- 
sity of the substance acting as the dielectric ; but both facts 
(and some others)^ ai;c against the opinion which I formerly 
gave, that the power of salfcs, &c, might depend upon their 
assumption of the licpiid state by solution in the water 
employed (410.). It Occurs to me that the effect may perhaps 
be related to, and have its explanation in differences of specific 
inductive capacities. - 

1357. 1 liave desc ribed in the last paper, cases, where 

shell-lac was rendered a conductor by absorption for ammonia 
(1294.). The same effect happens with muriatic acid; yet 
both these substances, when gaseous, are non-conductors ; and 
the ammonia, also wlum in strong solution (748.}. Mr. 
Harris has mentioned instances$ in which the conducting 
power of metals is seriously altered by a very little alloy. 
Tliese may have no relatiofi to the former cases, but never- 
theless should not be overlookcul in the general investigation 
which the whe/ic question requires. 

^1358. Notliiugis perhaps more striking in that class of 
dielectrics which we call electrolytes, than the extraordinary 
and almost complete suspension of their peculiar mode of 
effecting discharge when they arc rendered solid (380, &c.), 
even though the intensity of* the induction acting through 
them may be increased a hundred fold or more (419.). It 
not only establishes a very general relation between the 
physical properties of these bodies aqd electricity acting by 

* Quarterly Journal, xxviL 407. or Bibliolheqnc Universclle, xl. 20,3. Kcinp 
says sulphurous add is a very pfood conductor. Quarterly Journal, 1831, p. Gl3. 

t Quarterly Journal, xxiv. 4(iG, or Annules dc Chimit*, xxxv. IGl. 

J Philosophical Transactions, I827,p 2*2, 
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induction through them, but draws both their physical and 
chemical relations so near together, as to make us hope we 
shall shortly arrive at the full comprehension of the influence 
they mutually possess over each other. 

^ ix Disruptive discharge and insulation. 

1359. The next form of discharge has been distinguished 
by the adjective disruj}iive{\^\d.)^^s it in every case displaces 
more or less the particles amongst and across which it suddenly 
breaks. I include under it, discharge iu the form of sparks, 
brushes and glow (1405.), but exclude the cases of currents 
of air, fluids &c, which, though frequently accompanying the 
former, are essentially distinct in their nature. 

1360. The conditions requisite for the production of an elec- 
tric spark in its simplest form are well known. An insulating 
dielectric must be interposed between two conducting surfaces 
in opposite states of electricity, and then if the actions be 
continually increased in strength, or otherwise favored, 
either by exalting the electric state of the’ two ‘conductors, or 
bringing them nearer to each other, or diminishing the density 
of the dielectric, a spark at last appears, and the two forces 
are for the time annihilated, for discharge has occurred. 

1361. The conductors (which may be considered as the 
termini of the inductive action) are in ordinary cases most 
generally metals, whilst the dielectrics usually employed arc 
common air and glass. In my view of induction, however, 
every dialectric becomes of importance, for as the results are 
consicTered essentially dependent on these bodies, it was to be 
expected that differences of action, never before suspected, 
wmuld* be evident upon cloSe examination, and so at once give 
fresh confirmalion of the theory,* and open new doors of dis- 
covery into the extensive and varied fields of our science. 
This hope was especially entertained with respect to the gases, 
because of their high degree of insulation, their uniformity in 
physical condition, and great dift'erence in chemical properties. 

1362. All the effects prior to the discharge are inductive ; 
and the degree of tension which it is necessary to attain before 
the spark passes is, therefore^ in the examination I am now 
making of the new view of induction, a very important point. 
It is the limit of Ihe influence which the dielectric exerts in 
resisting discharge ; it is a measure, consequently, of the con- 
servative power of the dielectric, which in its turn may be 
considered as becoming a measure, and therefore a representa- 
tive of the intensity of the electric forces in activity. 

1363. Many philosophers have examined the circumstances 
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of this limiting action in air, but, as far as I know, none hjivo 
come near Mr. Harris as to the accuracy with, and the extent 
to, which he has carried on his investigations.* Some of his 
results I must very briefly notice, premising that they arc all 
obtained with the use of air as the dielectric betv»eeu the con- 
ducting surfaces. 

1.3(i4. First as to the distance between the two balls used, 
or in other words, the thickness of the dielectric across which 
the induction was sustained. The quantity of electricity, 
measured by a unit jar or otherwise on the same principle with 
the unit jar, in the charged or inductive ball, necessary to 
produce spark discharge, was found to vary exactly with the 
distance between the balls, or between the discharging points, 
and that under very varied and exact forms of experiment.! 

I3()5. Then with respect to variation in the pressure or 
density of the air. 'Flic quantities of electricity required to 
produce discharge across a constant interval varied exactly 
with variations of the density ; the quantity of elcetrieity and 
density of the air bping in the same simple ratio. Or, if the 
quantity was retained the saunc, whilst the interval aiul the 
density of the air w ere varied, then these wer(i found in the 
inverse simple ratio of V'ach other, the same quantity passing 
across twice the distance with air rarefied to one half.f 

13t)(). It must be remembered that these oflbets take place 
without any variation of the inductive force by condensation 
or rarefaction of the air. That force remains the same in 
air,§ and in all gases (1284. 1292), wdiatcver their rarefac- 
tion may be. 

1307. Valuation of \\\q temperature oi the air produced no 
variation of the quantity of electricity required to cause 
discharge across a given interval. 1| ^ 

Such arg the general resuUs, which I have occasion for at 
present, obtained by Mr. Harris, and they appear to me to be 
unexceptionable. 

1368. In the theory of induction founded upon a molecular 
action of the dielectric, wc have to look at the state of that 
body principally for the cause and determination of the above 
effects. Wliilst the induction continues, it is assumed that 
the particles of the dielectric aie in a certain polarized state, 
the tension of this state rising higher in each particle as the 
induction is raised to a higher degree, either by approxima- 
tion of the inducing surfaces, variations of form, increase of 


* Philosophical Transactions, 1834, p. 22.>. f Ibid. { Ibid. p. 2i9. 
§ Ibid. pp. 337, 24 J. 1| Ibid. p. 230. 
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the original force, or other means ; until at last, the tension 
of the particles having reached the utmost degree which they 
can sustain without subversion of the whole arrangement, 
discharge immediately after takes place. 

ISfif). The theory does not assume, however, that all the 
particles of the dielectric subject to the inductive action are 
aftected to the same amount, or accpiire the same tension. 
What has been called the lateral action of the lines of induc- 
tive force (1231. 1297.), £iiid the diverging and occasionally 
curved form of those lines is against such a notion. The 
idea is, that any section taken through the dielectric across 
the lines of inductive force, and including all of would 

be equal, in the sum of the forces, to the sum of the forces 
in any other section ; and that, therefore, the whole amount 
of tension for each such section would be the same. 

1370. Discharge probably occurs, not when all the par- 
ticles have attained to a certain degree T)f tension, but when 
that particle which is most affected has been exalted to the 
subverting or tuniiug point (I410.).» For though all the 
particles in the line of iiiductiofc resist charge, and arc asso- 
ciated in their actions so as to give a sum of resisting force, 
yet when any one is brought up to tile overturning point, all 
must give way in the case of a spark between ball and ball. 
The breaking down of that one must of necessity cause the 
w'hole barrier to be overturned, for it was at its utmost degree 
of resistance when it possessed the aiding power of that one 
particle, in addition to the power of the rest, and the power 
of that one is now^ lost. Hence tension or inlensity’* 
according to the theory, be considered as represented by the 
particular condition of the particles, or the amount in them of 
forced variation from their normal state (1298. 1368.) 

1371. The whole effect produced by a charged^ conductor 
on a distant conductor, insulated or not, is by my theory as- 
sumed to be due to an action propagated from particle to 
particle of the intervening and insulating dielectric, the p 9 rti- 
cles being considered as thrown for the time being into a forced 
condition, from which they endeavor to return to their normal 
or natural state. I'hc theory, therefore, seems to supply an 
easy explanation of the influence of distance in affecting in- 
duction (1303. 1364.). As the distance is diminished induc- 
tion increases ; for there are then few^r particles in the lino of 
inductive force to oppose their resistance to the assumption of 
the forced or polarized state, and vice versa. Again, as the 

•- See Harris on proposed particular meamng of these terms, Philosophical 
TraiiRaclions, 18a4, p. 322. 
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distance diminishes, discharge across happens with a lower 
charge of electricity; for if, as in Harris’s experiments (1364.), 
the interval be diminished to one half, then half the electricity 
required to discharge across the first interval is sufficient to 
strike across the second ; and it is evident, also, that at that 
time there arc only half the number of interposed molecules 
uniting their forces to resist the discharge. 

137‘i. The effect of enlarging the conducting surfaces which 
are opposed to each other in the act of induction, is, if the 
e]*'ctricity be limited in its supply, to lower the intensity of 
action ; and this follows as a very natural consequence from 
the increased area of the dielectric across which the induction 
Is effected. For by diffusing the inductive action, which at 
first was exerted througli one square inch of sectional area of 
the diclcct ric, over two or three square inches of such area, 

1 vice or three times the numbc.r of molecules of the dielectric 
are brought into a polarized condition, and employed in sus- 
taining the inductive action, and conso([nently the tension be- 
longing to the smiiilet number on which the limited force was 
originally accumulated, inusf fall in a proportionate degree. 

i:V/3. For the saice reason diminishing these opposing 
surfaces must increase the intensity up to the condition oven 
of their becoming points. But in this case, the tension of the 
particles of the dieleetVic next the points is higher thr4n that of 
particles midway, because of the lateral action and consequent 
bulging, as it were, of the lines of inductive force at the mid- 
dle <listancc (1369.). 

1374. The more exalted effects of induction on a point 
or any small surface, as the rounded end of a rod, opposed to 
a large surface, as that of a ball qr plate, than when it is op- 
poswi to another point or end at the same distance, falls into 
harmoniefas relation (1302.). For in the latter case, the small 
surface j) is eifected only by those particles which are brought 
into the inductive condition by the equally small surface of the 
op^ 30 sed (ionductor, whereas wdien that is a ball or plate the 
lines of inductive force from the latter are concentrated, as it 
wore, upon the end p. Now though the molecules of the di- 
electric against the large surface may have a much lower state 
of tension than those against the similar smaller surface, yet 
they are also far more numerous, and, as the lines of inductive 
force converge towards a point, arc able to communicate to 
the particles contained in any cross section (1369.) ncai*er the 
small surface an amount of tension equal to their own, and 
consequently much higher for each individual particle; so that, 
at the surface of the smaller conductor, the tension of a parti- 
cle rises much, and if that conductor were to lerininato in a 
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point, the tension would rise to an infinite degree, except that 
it is limited, as before (1368.), by discharge. The nature of 
the discharge from small surfaces and points under induction 
will be resumed hereafter (1425. &c ). 

1375. Rarefaction of the air does not alter the intensity of 

inductive action (1284. 1287.); nor is there any reason, as far 
as I can perceive, why it should. If the quantity of electricity 
and the distance remain the same, and the air be rarefied one 
half, then, though one half of the particles of the dielectric are 
removed, the other half assume a double degree of tension in 
their polarity, and therefore the inductive forces arc balanced, 
and the result remains unaltered as long as the induction and 
insulation are sustained. But the case of discharge is very 
difierent; for as there are only half the number of dielectric 
particles in the rarefied atmosphere, so these arc brought up 
to the discharging intensity bv half the former quantity of 
electricity ; discharge, therefore, ensues, tind such a conse- 
quence of the theory is in perfect accordance with Mr. Har- 
ris’s results (1365.). ^ ^ 

1376. The increase of electricity required to cause dis- 
charge over the same distance, when tl^e pressure of the air 
or its density is increased, flows hi a sihnilar manner, and on 
the same princijile, from the molecular theory. 

1377. Here I think my view of induction has a decided ad- 
vantage over others, especially over that which refers the re- 
tention of electricity on the surface of conductors in air to the 
pressure of the atmosphere. The latter, is the view which, 
being adopted by Poisson and Biot,* is also, I believe, that 
generally received; and it relates two such dissimilar things, 
as the ponderous air and th^ subtil and even hypothetical fluid 
or fluids of electricity, by gross mechanical relations; by, the 
bonds of mere static pressure. My theory, on the -contrary, 
sets out at once by connecting the electric f9rces with the 
particles of matter ; it derives all its proofs, and even its origin 
in the first instance, from experiment ; and then, without any 
further assumption, seems to offer at once a full explanation 
of these and many other singular, peculiar, and, I think, here- 
tofore unrelated effects. 

1378. An important assisting experimental argument may 
here be adduced, derived from the difference of specific in- 
ductive capacity of different dielectrics (1269. 1274. 1278 ). 
CJonsider an insulated sphere electrified positively and placed 
in the centre of another and larger sphere uninsulated, a uni- 
form dielectric^ as air, intervening. The case is really that 


Enoy. Britann. Supplement, vol. iv. Article Electricity, pp. 76, 81, &c. 
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of my apparatus (1 187.), aud also, in effect, that-of any ball 
electrified in a room and removed to some distance from irre- 
gularly formed conductors. Whilst things remain in this state 
the electricity is distributed (so to speak) uniformly over the 
surface of the electrified sphere. But introduce such a di- 
electric as sulphur or lac, into the space between the two 
conductors on one side only, or opposite one part of the inner 
sphere, and immediately the electricity on the latter is diSused 
unequally (1229. 1270. 1309.), although the form of the con- 
ducting surfaQes, their distances, and the pressure of the at- 
mospliere remain perfectly unchanged. 

1379. Fusinieri took a different view from that of Poisson, 
Biot, and others, of the reason why rarefaction of air caused 
easy diffusion of electricity. He considered tlie effect as due 
to the removal of the obstacle which the air presented to the 
expansion of the substances, from which the electricity 
passed.* But platina balls shew the phenomena in vacuo as 
well as volatile metals and other substances ; besides which, 
when the rarefaction is very considerable, the electricity 
passes with scarcely any rcsfstance, and the production of no 
sensible heat ; so that. I think Fusiuieri’s view of the matter 
is likely to gain but few assents. 

1380. I have no need to remark upon the discharging or 
collecting power of flafne or hot air. I believe, with Harris, 
unit me mere heat docs nothing (13G7.), the rarefaction only 
being influential. The effect of rarefaction has been already 
considered generally . (1375.) ; and that caused by the heat 
of a burning light, with the pointed form of the wick, gind the 
carryiiig powder of the carbonaceous particles which for the 
time are associated with it, are fijlly sufficient to account for 
all tj[ic effects. 


V 

1381. We have now arrived at the important question, how 
will the inductive tension requisite for insulation and disrup- 
tive discharge be sustained in gases, which, having the same 
physical state and also the same pressure and the same tem^ 
perature as air, differ from it in specific gravity, in chemical 
qualities, and it may be in peculiar relations, which not being 
as yet recognised, are purely electrical (13G1.)? 

1382. Into this question I can enter now only as far as is 
essential for the present argument, namely, that insulation and 
inductive tension do not depend merely upon the charged 
conductors employed, but also, and essentially, i.ipoii the inter- 


• Bib. Univ. 1831. xlviii. 37^5. 
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posed dielectric, in consequence of the molecular action of its 
particles. 

1383. A glass vessel a (fig. 13.)* was ground at the top 
and bottom so as to be closed by two ground brass plates, b 
and c ; b carried a stuffing box, with a sliding rod d terminated 
by a brass ball $ below, and a ring above. The lower plate 
was connected with a foot, stop-cock, and socket, e^f and y ; 
and also w ith a brass ball U w^hich by means of a stem at^ 
tached to it and entering tho^socket y, could be fixed at various 
heights. The metallic parts of this apparatus were not var- 
nished, but the glass was hSv^II covered with a coat of slicll-lac 
prcviou% dissolved in alcohol. On exhausting the vessel at 
the air-pump, it could be filled with any other gas than air, 
and, in such cases, the gas so passed in \vas dried whilst enter- 
ing by fused chloride of calcium. 

1384. The other part of the apparatus consisted of two in- 
sulating pillars, h and /, to which were fixed two brass balls, 
and through these passed tw'o sliding rods, k and w, terminated 
at each end by brass balls ; n is tlic end of an insulated con- 
ductor, which could be rendered either positive or negative 
from an electrical machine ; o and^> are v ires connecting it with 
the two parts previously diiscribed, and is a wire which, con- 
necting the two opposite sides of the collateral arrangements, 
also communicates with a good discharging train r (292.). 

1385. It is evident that the discharge from the machine 
electricity may pass either between s and /, or S and L. The 
regulation adopted in the first experiments was to keep s and 
I with tjieir distance unchanged^ but to introduce first one gas 
and then another into the vessel a, and then balance the dis- 
charge at the one place cgsiinst that at the other; for by 
making the interval at u sufficiently small, all the discharge 
would pass there, or making it sufficiently large it Vould all 
occur at the interval v in the receiver. On principle it seemed 
evident, that in this way the varying interval u might be taken 
as a measure, or rather indication of the resistance to discharge 
through the gas at the constant interval t\ The following are 
the constant dimensions. 

Ball s 0*93 of an inch. 

Ball S . . . . 0*96 of an inch. 

Ball I 2*02 of an inch. 

Ball L . . . . 1*95 of an inch. 

Interval v . . . 0*62 of an inch. 

1386. On proceeding to experiment it was found that when 
air or any gas was in the receiver a, the interval u was not a fixed 

* The drawing is to a scale ol’ 1-6. ^ 
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one ; it might be altered -through a certain range .of distance, 
and yet sparks pass either there bt at v in the receiver. The 
extremes were thefefore noted, i.fi., the greater distance short 
of that at which the discharge took place n in the 

gas, and the least distance, short of 'S'^ldch always 

took place at u in the air. TTnis, with' air in the receiver, the 
extremes at u were 0'56 and 0*?5> of an inch, tlio range of 0'23 
being one at which sparks passed occasionally either at one 
interval or the other. ’ 

1387. The small balls « atid S.. could be rendered either 
positive or negative from the machine, and as gases were ex- 
pected and were found to differ from eacli other in relation to 
this change, the results obtained under diese differences of 
chai'ge were also noted. 

1388. The following is a table of results ; the gas named is 
that in the vessel a. 'The smallest, greatest, and mean inter- 
val at u in air is expressed in' parts of an inch, the interval v 
being constantly 0’()2 of an inch. 


• • 

• * 

Smallest. 

Greatest. 

Mean. 

( Air, s and S, pos, . . . 


0*60 

0*79 

0*695 

\Air, s and S, ncg^. . . . 


0*59 

0*68 

0*635 

( Oxygen, s and S, pos. 

\ Oxygen, s and Sj ueg. . 


0*41 

0*00 

0*505 


0*50 

0*52 

0 510 

( ^{itrogen, s and S, pos. . 

\ Nitrogen, s and S, ncg. . 

^ • 

0*55 

0*59 

0*68 

0*70 

0*615 

0*645 

/ Hydrogen, s and S pos, . 


0*30 

0*44 

0*370 

\ Hydrogen, s and S neg. . 


0-25 

0-.30 

0*275 

f Carbonic acid, s and S pos 

• • 

0*56 

0*72 

0 640 

Carbonic acid, s and S ncg 

• • 

0*58 

0*60 

0*590 

( Olcpfiant gas, s and S {)os. 


0*64 

0*86 

0*750 

\ Olefiant |?a8, s and S neg. 


0-69 

0-77 

0*730 

r Coal gas, s and S pos, . 


0*37 

0*61 

0*490 

( Coal gas, s and S neg. . 


0*47 

0*58 

0 525 

f Muriatic acid gas, s and S 

pos. 

0*89 

1*32 

1*105 

( Muriatic acid gas, « and S 

neg. 

0*67 

0*75 

0*720 


1389. The above results were all obtained at onetime. 
On other occasions other experiments were made, which gave 
generally the same results as to order, though not as to num- 
bers. Thus : 

Hydrogen, s and S pos. . . . 0’23 0’57 0*400 , 

Carbonic acid, s and S pos. . .0*51 I'O.’i 0*780 

Olefiant gas, s and S pos. . . . 0*66 1*27 0*965 
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I did not notice the difference of the barometer on the days of 
experiment. 

1390. One would have expected only two distances, one 
for each interval, for which the discharge might happen either 
at one or the other ; and that the leci&t alteration of either 
would immediately cause one to predominate constantly over 
the other. But that under common circumstances is not the 
case. With air in the receiver, the variation amounted to 0*2 
of an inch nearly on the smaller interval of 0*6, and w ith mu- 
riatic acid gas, the variation *was above 0*4 on the smaller 
interval of 0*9. Why is it that when a fixed interval (the one 
in the receiver) will pass a spark that cannot go across 0*6 of 
air at one time, it ^Vill immediately after, and apparently un- 
der exactly similar circumstances, not pass a spark that can 
go across 0*8 of air ? 

1391. It is probable that part of this variation wdll be traced 
to particles of dust in the .airVlrawm into and about the cir- 
cuit. I believe also that part depends upon a variable charged 
condition of the surface of the glass vessel Of That the whole 
of the effect is not traceable to tl>e'. influence of circumstances 
in the vessel may be deduced from the fact, that w hen sparks 
occur betw'een balls in free air they freqvitmtly arc not straight, 
and often pass otherwise than by the shortest distance. These 
variations in air itself, and at different parts of the very same 
balls, shew the presence and influence of circumstances which 
arc calculated to produce effects of the kind now under con- 
sideration. 


( To be Continued.) 


XIII. — Experiments relative to' the propagation of Caforic 
in a Metallic Bar. By M. II. SchuoedeR; Esq. Profes- 
sor of Natural Philosophy at Soleurc. Communicated by 
the Author. 

It is w^oll known that artificers in metal, advance generally 
enough the curious fact, that a metallic bar one end of which 
is placed in an ardent furnace, and held by the other end 
until the heat has begun to be sensibly felt by the hand, will 
suddenly cause a very considerable elevation of temperature 
to be felt, immediately on removing out of the fire the heated 
extremity of the bar, in order to expose it to the cold air, or 
even to plunge it in cold water. 1 know of no other experi- 
ments on the sobject than those of M. Fischer, of Breslaw, 
(Projggend. Ann. 19, — 507), and thosoof Professor Mousson, 
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of Zurich, who communicated them last year in the section of 
Natural Philosophy, at the meeting of Swiss Naturalists, 
held at Neufchatel. These tw*o philosophers seem not to 
doubt of the existence of the fact m question, but the former 
is or seems willing to attribute it to a variation in the con- 
ducting faculty of metals according to their temperature, 
whilst M. Mousson considers it as proving a developement of 
specific caloric, produced by a molecular compression which 
would be caused by the sudden cooling to which the metal 
w^as subjected. ^ 

Having several reasons to doubt whether the truth of the 
fact or phenomena had been rigorously established by experi- 
ments made up to the present time, 1 undertook to convince 
myself, by decisive and direct experiments, whether the phe- 
nomena had existed or not, and in the latter case, to shew 
that a false explanation of other phenomena on the part of 
these philosophers, and a common illusion on the part of the 
artisans, are the only reasons for advancing a position so 
paradoxical. Now such happens to be the result at which I 
have arrived in mlkkuig usc^of the means offered to us by 
thermo-electric forces of measuring the changes of tempera* 
ture ; and I have givep to the experiments wdiich I am about 
to describe, another importance besides that of having served 
to demonstrate in a decisive manner, that the phenomena 
now in question has no existence whatever. 

I obtained a galvanometer of a very delicate and sensitive 
construction used in measuring thermo-electric currents, on 
the model of that which Fechner has recommended as most 
convenient for that purpose. It consists of a large band of 
copper, folded once round an astatic system consisting of two 
magnetized needles,* which could* oscillate freely on a gra- 
duated circle from degree to degree. A simple element of 
bismuth and antimony, communicating w ith the reservoirs of 
mercury, into# which the ends of the band of copper are 
plunged, gives to the needle a continued deviation from 
80* to 85 degrees, on applying solely the temperature of 
the hand to the point of the solder. 1 afterwards soldered 
even at the soldering point of the element of bismuth and 
antimony, one of the extremities of a bar of another metal, 
long enough to allow the free extremity to be exposed to 
the action of heat, without any direct influence being exercised 
on the solder of the section of bismuth and antimony, then 
keeping the eye invariably fixed on the needle, I awaited the 

• No upper needle ought to be above the upper side Of the coil, and4ho 
lower needle withto the coil — JE uit. * 

VoL. V. — No. ^6, August^ 1840. O 
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time when the temperature of the bar would become per- 
manent throughout its whole extent, which was easily 
observable by a constant deviation of the galvanometer. 
Immediately on the arrival of this moment, 1 removed, by 
an assistant, the source of heat, and plunged the red hot 
e^xtremity into cold water. If the sudden cooling of the red 
hot extremity of the bar had power to produce in any manner 
whatever an augmentation of the temperature of the other 
extremity, it is clear that this heat would be communicated 
to the point of the solder, and that the needle, before making 
a retrograde movement, which would be the effect of the cool- 
ing having commenced, ought first to manifest an instantaneous 
deviation, in the contrary direction, thereby indicating an 
augmentation of temperature. But what was the change in 
the circumstances of this experiment ? never have 1 been able 
to perceive the least sign of an effect approaching to this. 
The needle, on the contrary, Remained each trial, immovablci 
during some time, until perhaps the cooling had been com- 
municated to the point of the solder in Ahe ordinary manner, 
and then began immediately to indicate the direct eft*ect of 
cooling. I have repeated these exj^)erifhents, und(^r very 
different circumstances with bands, v;ith bars, with wires, 
with masses of different forms both of iron, of copper, of zinc, 
of brass, &c. giving them different lengths from two feet to 
half an inch ; making use of sources of heat of a temperature 
more or less elevated ; producing the sudden cooling some- 
times by the action of the air, sometimes by water, and at 
others by mercury ; and in making use of the thermo-electric 
element, a combination of any two metals ; but in no case did 
the needle indicate to me an augmentation of temperature 
after the the operation of c6oling. The result of these experi- 
ments being absolutely negative/ I judge it not necessary to 
describe them in detail ; but I conclude therefrom with cer- 
tainty that the fact in question does not exist. 

This point once established, it remained for me to repeat 
conveniently the experiments of M. Mousson, in order to give 
the true explanation to the phenomena which he has observed. 
Now I am convinced, by a careful examination, that the ex- 
planation of them coincides with that of a well known pheno- 
menon, which may be observed easily by any thermometer in 
any degree sensitive, namely, that if the instrument be 
suddenly withdrawn from the "source of heat, at the frst mo- 
ment there will be seen a rapid elevation, after which the 
depression will commence. We know that this circumstance 
is owing to the sudden contraction of the small bowl of glass, 
and'^to its diminution of volume, which surpasses during the 
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first moments the effect of the depression of temperature on 
the whole column of mercury. The phenomena which M. 
Mousson has observed are quite analogous to this, and it 
appears to me that he has deduced consequences from it which 
cannot be admitted or maintained. 

Nevertheless the hypothesis which he has advanced, that a 
sudden cooling ought to cause a molecular compression, which 
in itself ought to become the means of dcvelopement of specific 
crloric, appears to me to be admissible in a particular case, 
that is to say, when it acts on the interior parts of a mass 
heated throughout its whole extent, at the first moment wherein 
the exterior surface is cooled with sufficient rapidity. 

I hope however, to be able to demonstrate this fact by 
experiments. In this instance, 1 took a small cylinder of 
iron, in the upper side of which I inserted a spiral iron wire 
sufficiently strong for the purpose. I covered this cylinder 
up to half its height in a crucible, leaving the principal points 
bare, then I soldered a copper wire of nearly two lines 
diameter,. in such a ipanner that the copper did not touch the 
iron except at the point of the solder. I afterwards fixed the 
ends of the iron wire and the copper wire in the reservoirs of 
mercury, which commlinicated with the band of the galvano- 
meter, and then I heated the cylinder by the heat of spirits 
of wine. I expected J^hat the exterior parts of the mass (if it 
is true that in these circumstances they are contracted suddenly 
by the effect of a depression of temperature,) would exercise 
an instantaneous compression of the interior parts, which 
would give place to a dcvelopement of specific caloric, which 
w’ould be indicated by the galvanometer. In order to find 
the most favorable circumstances to obtain exactness in the 
experiment, I observed at first the successive positions of the 
needle dqring the time of heating. The needle commenced 
by deviating to 12^ ; then, the heating still going forw^ard, not 
only did it rctftrn with great rapidity to the point 0^ of the 
division, but passed it, making a contrary or negative devi- 
ation nearly to 65"^. The continuance of the process of 
heating produced then a contrary thermo-electric relation 
between the iron and the copper, inasmuch as the direction of 
the current depends on the temperature of the point of the 
solder. 

I profited by this remark, and now put the lamp at such 
a distance from the mass of iron, that the needle had power 
to take nearly a constant position at the point 0° of the divi- 
sion whenever the temperature of the mass became permanent. 
This I easily accomplished after one or two trials. In, fact, 
in this position the needle, had tliys greatest sensibility for the 
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least change of temperature, and it sufficed, on approaching 
it to the flame for an instant, to make it deviate for some 
seconds after with a quick movement, almost like a shake 
towards the negative side of the point 0'^, on such a manner, 
that it could not retain its constant position until after several 
oscillations. The iron was at that point of temperature ap- 
proaching to a red heat. I fixed my eye on the needle, and 
caused the inferior portion of the mass of iron to be plunged 
into cold mercury. But the needle remained immovable 
during the first moments, then immediately afterwards indi- 
cated to me a prompt slackening of the heat or cooling from 
the point of the solder. This effect was very contrary to that 
which I had expected, because it appeared to me, that a 
strong molecular compression ought necessarily to take place 
in this case. I do not wish to conclude from this, that a 
developement of specific heat, caused by a due compression by 
contraction of those parts suddenly cooled, has not taken 
place in any case ; but we see however, that if the fact does 
exist, it ought at least to be of very littb importance, for that 
it cannot be perceived even under the most favorable circum- 
stances, with an instrument so sensitive as the galvanometer 
of which I have spoken. It is very necessary then to bo able 
to make ixse of and to explain phenomena so confidently 
asserted as those described by M. Mousson. I have named 
this last experiment because it appeared to me to have given 
a result contrary to what we should have expected. 

I have besides these made some experiments relative to 
those which M. Fischer has published. But as these arc not 
independent of the sensation of the hand, I think we ought 
not to attribute any great importance to them ; I content 
myself then simply with saying, that my experiments have 
conducted me to the belief that^’M, F. has partaken of the 
same illusion, to which artificers in metal, ordinarily abandon 
themselves. 


XIV. — On a New Electro^Magnetic Engine, By Thomas 
W niGHT, Esq. 


Dear Sir, 

I see in your last number an account of a new Electro- 
magnetic Engine by Mr. Clarke, in which he has dis- 
pensed with the rotary motion, and returned to the crank. I 
have been lately engaged in some experiments, the results 
of which, incline me to believe that this will be the best form 
of applying the electro-magnetic power. I adopt however,- a 
very aifTerent arrangement from that of Mr. Clarke. * 
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The magnetism induced in soft iron by electric curi’ents has 
great sustentive, but small attractive power, in comparison 
with that of steel magnets ; the great power which the former 
possess not being developed, until their keepers are in con- 
nexion with their poles. In Taylor's rotatory engine, which 
I have reason to think is the best, the magnets are passed by 
their keepers with such rapidity, that I should think it impos- 
sible that their power can be developed, as it requires a 
certain length of time for that purpose. 

The great difficulty in the construction of electro-magnetic 
engines with the crank motion, is the shortness of the stroke, 
which, for any useful purposes, should not exceed a quarter 
of an inch. 1 have, however, been able to increase the length 
of the stroke materially, by two methods: — the first consists 
in keeping one end of the armature on its respective pole, as 
at a fig. 1 plate 3, and taking the stroke between B and C ; 
thus interrupting the magnetic circuit at one place only ; this 
plan answers bettor with small clcctro-magnets, which gene- 
rally possess grejytert comparative intensity, than those of a 
larger size. A small electro-magnet, a quarter of an inch square, 
and seven inches lon<j^ coiled with ten yards of copper bell- 
wire, attracted its keeper, placed parallel with its poles, a 
quarter of an inch^ (along a polished mahogany table,) when, 
however, the keeper was placed as in fig. 1, it attracted the 
other end an inch and a quarter; this was the result of 
several experiments. The second method which is better 
adapted for large electro-magnets, consists in keeping one side 
of the armature on the magnet as in fig. 2; this I think 
will be the most available method of applying the power, and 
I am now making a small engine on this principle, on which I 
hope to have your opinion in a short time. 

The magnets employed iti this engine are straight and com- 
posed of hoop iron, well annealed and riveted together, and 
are coiled to \trithin an inch and a half from the ends, to which 
aivs riveted pieces of soft iron two inches square, as shewn at 
A fig. 3, plate 3; these magnets are then united in pairs, by 
having the pieces of soft iron attached to them hinged together 
at By they are thus brought as close as possible to each other 
along their whole length. • 

Fig. 4, is a plan of the engine wdlh two pairs of magnets, 
the end of the lower magnet of each pair being concealed by 
the pillar on which it rests ; the armature of the upper mag- 
net of the pair on the right hand, forms part of the beam of 
the engine, the hinge which attaches it to the lower armature 
being the fulerum. The upper armature of the other pair is 
attached tq tbo^ beam by a rod at A; it will thus be seeir-that 
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by making communication between the battery and each pair 
of magnets aiternately, the ai-matures of the magnetized pair 
will be strongly attracted to each other, lifting up the armature 
of the other pair respectively, and working the fly wheel. 

B B B, fig. 4 plate, shews the apparatus on the shaft of the fly 
wheel, for throwing the battery power alternately on the pairs 
of magnets. 

I am, rny dear Sir, 

Yours truly, 

ThoMx\s Wright. 

XV. — An Answer to Dr. Hare’s Letter on certain Theoretical 
Opinions. By M. Faraday, Esq. F. K. S. 

My dear Sir, 

1. Your kind remarks have caused me very carefully to re- 

vise the general principles of the view of static induction which 
I have ventured to put forth, with the very natural fear that as 
it did not obtain your acceptance, it might be founded in error ; 
for it is not a mere complimentary expression when I say I 
have very great respect for your judgment. As the recon- 
sideration of them has not made me aware that they differ 
amongst themselves or with facts, the resulting impression on 
my mind is, that I must have expressed my meaning im|:)er- 
fcctly, and I have a hope that when ipore clearly stated my 
words may gain your approbation. I feel that many of the 
words in the language of electrical science possess much mean- 
ing ; and yet their interpretation by different philosophers 
often varies more or less, so that they do not carry exactly 
the same idea to the minds of different men-: this often renders 
it difficult, when such words force themselves into use, to ex- 
press with brevity as much us, and no more than, one really 
w ishes to say. • ^ • 

2. My theory of induction (as set forth in Series xi., xiL, 
and xiii.,) makes no assertion as to the nature* of electricity, 
or at all questions any of the theories respecting that subject 
(1667). It does not even include the origination of the cie- 
veloped or excited state of the power or powers ; but taking 
that as it is given by experiment and objservation, it concerns 
itself only with the arrangement of the force in its communi- 
cation to a distance in that particular yet very general pheno- 
menon called static induction (1668.). It is neither the nature 
nor the amount of the force which it decides upon, but solely 
its mode of distribution. 

3. Bodies whether conductors or non-conductors can be 
charged. The word charge is equivocal : sometimes it means 
tbat«state which a glass tube acquires when rubbed by siJk^ or 
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which the prime conductor of a machine requires when the 
latter is in action ; at other times it means the state of a Ley- 
den jar or a similar inductive arrangement when it is said to 
be charged. In the first case the word means only the peculiar 
condition of an electrified mass of matter considered by itself, 
and does not apparently involve the idea of induction ; in the 
second it means the whole of the relations of two such masses 
charged in opposite states, and most intimately connected by 
inductive action. 

4. Let three insulated metallic spheres, A, B, and C, be 

placed in a line, and not in contact ; let A be electrified posi- 
tively, and then C uninsulated ; besides the general action of 
the whole system upon all surrounding matter, there will occur 
a case of inductive action amongst the three balls, which may 
be considered apart, as the type and illustration of the whole 
of my theory : A will be charged positively ; B will acquire 
the negative state at the surface towards A, and the positive 
state at the surface furthest from it ; and C will be charged 
negatively. . 

5. The ball B will be in what is often called a polarized 
condition, i. e. opposite parts will exhibit the opposite electri- 
cal states, and the twd sums of these opposite slates will be 
exactly equal to each other. A and C will not be in this po- 
larized state, for they .will each be, as it is said, charged (3), 
the one positively, the other negatively, and they will present 
no polarity as far as this particular act of induction (4). is 
concerned. 

6. That one part of A is more positive than another part 
does not render it polar in the sense in which that word has 
just been used. We are considering a particular case of in- 
diictioiT, and have to throw out of view the states of those 
parft not under the inductee action. Or if any embarrass- 
ment still arise from the fact that A is not uniformly charged 
all over, then have merely to surround it with balls, such as 
B find C, on every side, so that its state shall be alike on oyery 
part of its surface (because of the uniformity of its inductive 
influence in all directions) and then that difficulty will be re- 
moved. A therefore is charged, but not polarly ; B assumes 
a polar condition ; and C is charged inducteously (1483), be- 
ing by the prime influence of A brought into the opposite or 
negative electrical state through thenntervention of the inter- 
mediate and polarized ball B. 

7. Simple charge therefore does not imply polarity in the 
body charged. Inductive charge (applying that term to^ the 
sphere B and all bodies in a similar condition (5) does (1672.). 
The word charge as applied to a Leyden jar, or to the whole 
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of any inductive arrangement, by including all the effects, 
comprehends of course both these states. 

■ 8. As another expression of my theory, I will put the fol- 
lowing the case. Suppose a metallic sphere C, formed of a 
thin shell a foot in diameter ; suppose also in the centre of it 
another metallic sphere A only an inch in diameter ; suppose 
the central sphere A charged positively with electricity to the 
amount wc will say of 100; it would act by induction through 
the air, lae, or other insulator between it and the large 
sphere C ; the interior of the latter would be negative, and its 
exterior positive, and the sum of the positive force upon the 
whole of the external surface would be 100. I'he sphere C 
would in fact be polarized (5) as regards its inner and outer 
surfaces. 

9. Let us now conceive that instead of mere air, or other 
insulating dielectric, within C between it and A, there is a thin 
metallic concentric sphere B six inches in diameter. This 
will make no difference in the ultimate result, for the charged 
hall A will render the inner and outer surfaces of this sphere 
B negative and positive, and it,again will render the inner 
and outer surfaces of the largo sphere C negative and posi- 
tive, the sum of the positive forces on the outside of C being 
still 100. 

10. Instead of one intervening sphere let us imagine 100 or 
1000 concentric with each other, and separated by insulating 
matter, still the same final result will occur; the central ball 
will act inductrically, the influence originating with it will be 
carried on from sphere to sphere, and positive force equal to 
100 will appear on the outside of the external sjdiere. 

11. Again, imagine that all these spheres are subdivided 
into myriads of particles, each being effectively insulated from 
its neighbours (1679.), still the same final result will oceur; 
the inductric body A w ill polarize all these, aiul having its in- 
fluence carried on by them in their newly acquired state, will 
exert precisely the same amount of action on the external 
sphere C as before, and positive force equal to 100 will appear 
on its outer surface. 

12. Such a state of the space between the inductric and 
indueteons surfaces represents* what I believe to be the state 
of an insulating dielectric under inductive influence ; the par- 
ticles of whicli by the theory are assumed to be conductors 
individually, but not to one another (1669.). 

13. In asserting that 100 of positive force wdll appear on 
the outside of the external sphere under all these variations^ 
I presume I am saying no more than what every electrician 
trniradtnit. Were it not so, then positive and negative eleo^ 
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trieities could exist by themselves, and without relation to 
each other (1169. 1177.), or they could exist in jiroportionei 
not equivalent to each other. I'herc are plenty of experi- 
ments, both old and new, which prove the truth of the prin- 
ciple, and I need not go further into it here. 

14. Suppose a plane to pass through the centre of this 
spherical system, and conceive that instead of the space be- 
tween the central ball A and the external sphere C being 
occupied by a uniform distribution of the equal metallic par- 
ticles, three times as many were grouped in the one half to 
what occurred in the other half, the insulation of the particles 
being always preserved : then more of the inductric influence 
of A would be conveyed outwards to the inner surface of the 
sphere C, through that half of the space where the greater 
number of metallic particles existed, than through the other 
half : still the exterior of the outer sphere C would be uni- 
formly charged wdth positive electricity, the amount of which 
would be 100 as before. 

15. The actions of the two portions of space, as they have 
just been supposed to be constituted (14), is as if they pos- 
sessed two different specific inductive capacities (1296.); but 
I by no means intend to say, that specific inductive capacity 
depends in all cases upon the number of conducting particles 
of which the dielectriq is formed, or upon their vicinity. The 
full cause of the evident difference of inductive capacity of 
different bodies is a problem as yet to be solved. 

16. In my papers I speak of all induction as being depen- 

dent on the action of contiguous parlicles, i. e. I assume that 
insulating bodies consist of particles which are conductors 
individually (1669.), but do not conduct to each other pro- 
vided the intensity of action to wihich they are subject is be- 
neath a given amount (1326. 1674. 1675.) ; and that when the 
inductric body acts upon conductors at a distance, it does so 
by polarizing (1298. 1670.) all those particles which occur in 
the portion of dielectric between it and them. 1 have used 
the term contiguous (1164. 1673.), but have I hope sufficiently 
expressed the meaning 1 attach to it : first by saying at par. 
1615, “the next existing particle being considered as the 
contiguous one then in a nqte to par. 1665, by the words, 
“ I mean by contiguous piirticles those which are next to each 
other, not that there is no space between them and further 
by the note to par. 1164. of the octavo edition of my lie- 
searches, which is as follow'S : “ The word contiguous is per- 
haps not the best that might have been used here and elsewdiere, 
for as particles do not touch each other it is not strictly cor- 
rect. I was induced to employ it because in its commoii ac* 
VoL. V. — No. 26, August^ 1840. P 
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acceptation it enabled me to state the theory plainly and with 
facility. By contiguous particles, I mean those which are 
next.” 

17 . Finally, my reasons for adopting the molecular theory 
of induction* were the phenomena of electrolyic discharge 
(1164. 1343.), of induction in curved lines (1166.1215.), of 
specific inductive capacity (1167. 1252.), of penetration and 
return action (1245.), of dilFerence of conduction and insula- 
tion (1320.) of polar forces (16G5.), &c. &c., but for these 
reasons and any strength or value they may possess I refer 
to the papers themselves. 

18. I will now turn to such parts of your critical remarks 
as may require attention. A man %vho advances what he 
thinks to be new truths, and to develope principles which pro- 
fess to be more consistent with the laws of nature than those 
already in the field, is liable to be charged, first with self-con- 
tradiction ; then with the conft-adiction of facts ; or he may 
be obscure in his expression, and so justly subject to certain 
queries ; or he may be found in nontag^reement with the 
opinions of others. The first *ond second points are very 
important, and every one subject to such charges must be 
anxious to be made aware of, and also to set himself free from 
or acknowledge them ; the third is also a fault to be removed 
if possible ; the fourth is a matter of but small consequence 
in comparison with the other three ; for as every man who 
has the courage, not to say rashness, of forming an opinion of 
his own, thinks it better than any from which he differs, so 
it is only deeper investigation, and most generally future 
investigators who can decide which is in the right. 

Iff. I am afraid I shall find it rather difficult to refer to 
your letter. I will, however, reckon the paragraphs in order 
from the top of each page, considering that the first yi^hiclf has 
its ber/innirif/ first in the page*. In referring to my own mat- 
ter I will employ the usual figures for the pafagraphs of the 
Experimental licsearches, and small Roman numerals /or 
those of this communication. 

20. At par. 3, you say, you cannot reconcile ray language 
at 1615, with that at 1165. In. the latter place 1 have said 
1 believe ordinary induction in all cases to be an action of 
annifjuom particles, and in the former assuming a very hypo- 
thetical case, that of a vacuum, I have said, nothing in my 
theory forbids that a charged particle in the centre of a 
vacuum should act on the particle next to it, though that 


* We shall cbanij^o Prof. Faraday’s references for the numbers which we 
hive attached to l>r. Hare’s letter, and refer thus, par. 23, &c. 
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should be half an inch off. With the meaning which I have 
carefully attached to the word contiguous (16.), I see no con- 
tradiction here in the terms used, nor any natural impossibility 
or improbability in such an action. Nevertheless all ordinary 
induction is to mo an action of contiguous particles, being 
particles at insensible distances : induction across a vacuum 
IS not an ordinary instance, and yet I do not perceive that it 
cannot come under the same principles of action. 

21. As an illustration of my meaning, I may refer to the 
case, parallel with mine, as to the extreme difference of in- 
terval between the acting particles or bodies, of the modern 
views of the radiation and conduction of heat. In radiation 
the rays leave the hot particles and pass occasionally through 
great distances to the next particle, fitted to receive them : in 
conduction, where the heat passes from the hotter particles to 
those which arc contiguous and form part of the same mass, 
still the passage is considered *10 be by a process precisely 
like that of radiation ; And though thc 3 effects are, as is well 
known, cxtrcmoly^ditfercnt in their appearance, it cannot aa 
yet be shewn •that the princijdo of communication is not the 
same in both. 

22. So on this point respecting contiguous particles and 
induction across half an inch of vacuum, 1 do not see that I am 
in contradiction with myself or W'itli any natural law or fact. 

23. Paragraph 4 is answered by the above remarks, and 
by 8, 9, and 10. 

24. Paragraph 5 is answered according to my theory by 
8, 9, 10, 11^ 12, and 13. 

25. Paragraph 6 is answered, except in the matter of 

opinion (18.), according to ray theory by 16. The conduc- 
tion of heat referred to in the paragraph itself will, as it ap- 
peafs to ine, bear no comparison with the phenomenon of 
electrical induction : — the first refers to the distant influence 
of an agent which travels by a very slow process, the second 
to, one where distant influence is simultaneous, so to speak, 
with the origin of the force at the place of action : — the first 
refers to an agent which is represented by the idea of one 
imponderable fluid, the second to an agency better represented 
probably by the idea of two fluids, or at least by two forces : — 
the first involves no polar action, nor any of its consequences, 
the second depends essentially on such actions ; — with the first, 
if a certain portion be originally employed in the centre of a 
spherical arrangement, but a small part appears ultimately 
at the surface ; with the second, an amount of force appears 
instantly at the surface (8, 9, 10, 11, 12, 13, and 14.), exactly 
equal to the exciting or moving force, which is still at, the 
centre. . * 
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26. Paragraph 13 involves another charge of self-contra- 
diction, from which, therefore, I will next endeavor lo set 
myself free. You say I correctly allege that it is impossible 
to charge a portion of matter with one electric force without 
the other (see par. 1177.). But if all this be true, how can there 
be a positively excited particle? (see par. 1616.). Must not 
every particle be excited negatively if it be excited positively ? 
Must it not have a negative as well as a positive pole?’' Now 
1 have not said exactly what you attribute to me : my words 
are, “it is impossible, experimentally, to charge a portion of 
matter with one electric force independently of the other ; 
charge always implies inductio7iy for it can in no instance be 
effected without (1177.).'* I can, however, easily perceive 
how my w^ords have conveyed a very different idea to your 
mind, and probably to others, than that I meant to express. 

27. Using the word charge in its simplest meaning (3. 4.), 
I think that a body can be' charged with one electric force 
without the other, that body being considered in relation to 
itself only. But I think that such charge cannot exist without 
induction (1178.), or independently of what is"* called the de- 
velopment of an equal amount of the other electric force, not 
in itself, but in the neighbouring consecutive particles of the 
surrounding dielectric, and through them of the facing parti- 
cles of the uninsulated surrounding conducting bodies, which, 
under the circumstances, terminate as it were the particular 
case of induction. I have no idea, therefore, that a particle 
when charged must itself of necessity be polar ; the spheres 
A B C of 4, 5, 6, 7, fully illustrate my views (1672.). 

28. Paragraph 20 includes the question, “ is this consist- 
ent?" implying self-contradiction, which, therefore, I proceed 
to notice. The question arises out of the possibility of glass 
being a (slow) conductor or not* of electricity, a point ques- 
tioned also in the tw^o preceding paragraphs. I believe that 
it is. I have charged small Leyden jars, mVde of thin flint 
glass tube, with electricity, taken out the charging wi’-es, 
sealed them up hermetically, and afte/ two or three years 
have opened and found no charge in them. I will refer you 
also to Belli's curious experiments upon the successive charges 
of ajar and the successive return of portions of these charges.* 
I will also refer to the experiments with the shell lac hemi- 

3 >bere, especially that described in 1237. of my Researches; 

so the experiment in 1246. 1 cannot conceive how, in these 
cases, the air in the vicinity of the coating could gradually re- 
Knqutsh to it a portion of free electricity, conveyed into it by 

^'Bibliotheca XUltima, 1837, Us«v.,'p. 017, 
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what I call convection, since in the first experiment quoted 
(1237.), when the return was gradual, there was wo coating ; 
and in the second (1246.), when there was a coaling^ the re- 
turn action was most sudden and instantaneous. 

29. Paragraphs 21 and 22 perhaps only require a few words 
of explanation. In a charged Leyden jar 1 have considered 
the two opposite forces on the inductric and inducteous sur- 
faces as being directed towards each other through the glass 
of tht jar, provided the jar have no projection of its inner 
coating, and is uninsulated on the outside (1682.). When 
discharge by a wire or discharger, or any other of the many 
arrangements used for that purpose is effected, these supply 
the “ some other directions” spoken of (1682. 1683.). 

30. The inquiry in paragraph 23, I should answer by say- 
ing, that the process is the same as that by which the polarity 
of the sphere li (4. 5.) would be neutralized if the spheres 
A and C were made to communicate by a metallic wire ; or 
that by which the 100 or 1000 intermediate spheres (10.) or 
the myriads of polj^rij&ed conducting particles (11.) would be 
discharged, if the inner sphei-c A, and the outer one C, were 
brought into communication by an insulated wire ; a circum- 
stance which would not in the least affect the condition of the 
power on the exterior of the globe Ci 

31. The obscurity ki my papers, which has led to your re- 
marks in paragraph 25, arises, as it appears to me (after my 
own imperfect expression), from the uncertain or double 
meaning of the word discharge. You say, if discharge in- 
volves a return to the same state in vitreous particles, the 
same must be true in those of the metallic wire. Wherefore 
then are these dissipated when the discharge is sufficiently 
powerful?” Ajar is said to be discharged when its charged 
state is r^uced by any means, and it is found in its first in- 
different condition. The w'ord is then used simply to express 
the state of the* apparatus ; and so 1 have used it in the ex- 
pr€i 3 sions criticised in paragraph 21, already referred to. The 
process of discharge'^ or the mode by which the jar is brought 
into the discharged sUte, may be subdivided, as of various 
kinds; and I have spoken of conductive (1320.), electrolytic 
(1343.), disruptive (1359.), and convective (1562.) discharge, 
any one of which may cause the discharge of the jar, or tho 
discharge of the inductive arrangements described in this letter 
(30), the action of the particles in any one of these cases 
being entirely different from the mere return action of the po- 
larized particles of the glass jar, or the polarized globe B (5«), 
to their first state. My view of the relation of insulators and 
conductors, as bodies of one class), Is given at 1320. 1675 '&o. 
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of the Researches : but I do not think the particles of the 
good conductors acquire an intensity of polarization any thing 
like that of the particles of bad conductors ; on the contrary, 
I conceive that the contiguous polarized particles (1670.) of 
good conductors discharge to each other when their polarity 
is at a very low degree of intensity (1326. 1338. 1675.). The 
question of why are the metallic parti(*les dissipated when the 
charge is sufficiently powerful, is one that my theory is not 
called upon at present to answer, since it will bo acknowledged 
by all, that the dissipation is not necessary to discharge. 1 hat 
different effects ensue upon the subjection of bodies to dif- 
ferent degrees of the same power, is common enough in ex- 
perimental philosophy ; thus, one degree of heat will merely 
make water hot, whilst a higher degree will dissipate it as 
steam, and a lower will convert it into ice. 

32. The next most important point, as it appears to me, 

is that contained in paragraphs 16 luid 17. 1 have said 

(1330.), “ what then is to separate thti principle of these tw'o 
extremes, perfect conduction aiul porfgct insulation, from 
each other, since the moment ve leave in the smallest degree 
perfection at either extremity wc involve the element of per- 
fection at the opposite end?” and upon this you say, might 
not this query he made with as much reason in the case of 
motion and rest ? — and in any case of the intermixture of 
ojipositc qualities, may it not he said, the moment we leave 
the element of perfection at one end, wc involve the element 
of perfection at llic opjiosile ? — may it not be said of light and 
daikness, or of opaqueness and translucency ? and so forth. 

33. I a<lmit that these questions are very jiroperly put ; 
not that I go to the full extent of them, as for instance that 
of motion and rest; but Tdo not perceive their bearing upon 
the question, of whether conduction and insulatioij^ arc differ- 
ent ]iroperties, dependent upon two different modes of action 
of the particles of the substances respectively possessing these 
actions, or whether they arc only differences in degree o^ono 
and the same mode of action ? In this question, liowever, 
lies the whole gist of the matter. To explain my views, I 
will put a case or two. In former times a principle or force 
of levity w'as admitted, as wvcll as of gravity, and certain 
variations in the weights of bodies were supposed to be 
caused by different coml3inations of substances possessing these 
two principles. In later times, the levity principle has been 
discarded ; and though wo still have imponderable substances, 
yet tfie phenomena causing weight have been accounted for 
by one force or principle only, that of gravity ; the difference 
in gravitation of different bodies being considered due to dif- 
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ferences in degree of this one force resident in them all. Now 
no one can for a moment suppose that it is the same thing 
philosophically to assume either the two forces or the one force 
for the explanation of the phenomena in question. 

34. Again, at one time there was a distinction taken be- 
tween the principle of heat and that of cold : at present that 
theory is done away with, and the phenomena of heat and cold 
are referred to the same class, (as 1 refer those of insulation 
and conduction to one class), and to tlic influence of different 
degrees of the same power. But no one can say that the two 
theories, namely, that including but one positive principle, and 
that including two, are alike. 

35. Again, there is the theory of one electric fluid and also 
that of two. One explains by the difference in degree or 
quantity of one fluid, what the other attributes to a variation 
in the quantity and relation of two fluids. Both cannot be 
true. That they have nearly equal hold of our assent, is only 
a proof of our ignorance : and it is certain whichever is the 
false theory, is at prcst?nt holding the minds of its supporters 
in bondage, and is greatly vetai'ding the progress of science. 

36. I think it therefore important, if we can, to ascertain 
whether insulation and dondiiction are cases of the same class, 
just as it is important to know that heat and cold are pheno- 
mena of the same kind.® As it is of consequence to shew that 
smoke ascends and a stone descends in obedience to one pro- 
perty of matter, so 1 think it is of consequence to shew that 
one body insulates and another conducts only in consequence 
of a difference in degree of one common property which they 
both possess ; and tliat in both cases the effects arc consistent 
with my theory of induction. 

37. I now come to what may be considered as queries in 
your Hetter. which I ought to* answer. Paragraph 8 contains 
one. As 1 concede that particles on opposite sides of a 
vacuum may pefthaps act upon each other, you ask, ‘‘ where- 
fore , is the received theory of the mode in which the excited 
surface of a*Leyden jar induces in the opposite surface a Con- 
trary state, objectionable?” My reasons for thinking the 
excited surface does no,t directly induce upon the opposite 
surface, &c., is, first, my belief that the glass consists of par- 
ticles conductive in themselves, bpt insulated as respects each 
other (17); and next, that in the arrangement given 4, 9, 
or 10, A does not induce directly on C, but through the inter- 
mediate masses or particles of conducting matter. 

38. In the next paragraph, the question is rather implied 
than asked — what do I mean by polarity ? I had hoped that 
the paragraphs 1669. 1670. 1671. 1072. 1679. 1686. 1687. 
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1688. 1699. 1700. 1701. 1702. 1703. 1704., in the Researches 
would have been sufficient to convey my meaning, and 1 am 
inclined to think you had not perhaps seen them when your 
letter was WTitten. They, and the observations already made 
(5. 26.), with the case given (4. 5.), will, 1 think, be suffi- 
cient as my answ er. The sense of the w'ord polarity is so 
diverse when applied to light, to a crystal, to a magnet, to the 
voltaic battery, and so different in all these cases to that of 
the word when applied to the state of conductor under induc- 
tion (5.), that 1 thought it safer to use the phrase ‘‘ species 
of polarity,” than any other, which being more expressive 
would pledge me further than I wished. 

39. Paragraph 1 1 involves a mistake of iny view^s. I do 
not consider bodies which arc changed by friction, or other- 
wise, as polarized, or as having their particles polarized (3, 
4. 27.). This paragraph and the next do not require, 
therefore, any further r^^mark, especially after what I have 
said of polarity above (38.). 

40. And now', my dear sir, I think I ought to draw my 

reply to an end. The paragraphs which remain unanswered 
refer, I think, only to differences of opinion, or else, not 
even to differences, but opinions regarding which I have not 
ventured to judge. These opinions I esteem as of the utmost 
importance ; but that is a reason which makes me the rather 
desirous to decline entering upon the reconsideration, inas- 
much as on many of their connected points 1 have formed no 
decided notion, but am constrained by ignorance and the con- 
trast of facts to hold my judgment as yet in suspense. It is, 
indeed, to me an annoying matter to find how many subjects 
there arc in electrical science, on w hich, if I were asked for 
an opinion, I sliould have to say, I cannot tell, — I do not 
know ; but, on the other hand, it is encouraging to thirik that 
these arc they which if pursued industriously, experimentally, 
and thoughtfully, will lead to new discoveries. Such a sub- 
ject, for instance, occurs in the currents produced by dynamic 
induction, w4iich you say it will be admitted do not require 
for their production intervening ponderable atoms. For my 
own part, I more that half incline^ to think they do require 
these intervening particles, tjiat is, where anjr particles inter- 
vene (1729. 1733. 1738.). ^But on this question, as on many 
others, I have not yet made up my mind. Allow me, there- 
fore, here to conclude my letter ; iind believe me to be with 
the highest esteem, My dear Sir, 

Your, obliged and faithful Sprirant, 

M. Faraday. 

Rqyal Institution, April IB, 1840. 
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XVI . — Experimental and Theoretical Researches in Electric 
city^ Magnetism^ ^c. By William Stuugeon, Lec- 
turer on Experimental Philosophy at the Honourable 

Ekst India Company’s' Military Academy, Addiscombe. 

Superintendent of the Royal Victoria Gallery of Practical 
Science, Manchester, &c. &c. Fifth Memoir. 

Section 1. 

On Voltaic Combinations. — A new Battery of Cast Iron and 
amalgamated Zinc.-^A comparison of the Chemical powers 
of various Voltaic Batteries. 

234. About twelve years ago, I engaged in an extensive 
series of experimental enquiries, respecting some of the 
principal conditions necessarily connected with the action of 
voltaic batteries ; during whiA, 1 arrived at some remarkable 
results, which I then conceived might probably be advan- 
tageously applicat)le«in the formation of That peculiar class of 
electrical apparatus. Somo of these results I published in 
the year 1830, in a pamphlet entitled Experimental Re- 
searches in Galvanism, Electro-magnetism, &c.”* Since the 
time of mjr pamphlet making its appearance, some of those 
results which I described in it have become available in the 
hands of other experimenters, and some others have come 
into general use in almost every form of voltaic battery.t 
There are, however, discoveries which T then made and in- 
tended for the second part of that pamphlet, and as they have 
not yet been met with by others, nor in any way made public, 
only occasionally at/my lectures; and as they appear to be of 
some importance, whether viewed as theoretical or practical 
daA., I venture to give them a place in this memoir. 

235. In the pamphlet already alludi^d to, I have shewn, at 
page 44, that Vhen two similar pieces of iron are placed, one 

each of two strong solutions of nitric acid in water, of 
dmiprent degrees of strength, havingia bladder partition bet\veen 
them, they fortaed an active voltaic pair. A galvanonieter 
with a heavy nisedle, <our^ inches long, supported on a pivot, 
was employed in these experiments, and the needle would 
frequenj;ly stand at an angle of .35^ particularly if the stronger 
portion bf the acid solution be ^not very feeble, and these 

• This pamphlet is published Sherwood, Gilbert, & Piper, Paternoster 
Row, Londoa- 

t In the pamphlet alluded to, I pointed out and shewed by conclusive 
experiments the superiority of ,;fb(le<ieinc over .A^sl^zinc, in voltaic ar/’angc> 
meats. , • • 

VoL. V. — No.*28, August^ 1840. Q 



122 


Mr. Sturgeon’s Fifth Memoir- 

energies scjem to improve with an increase of acid in that 
portion of the fluid.” 

236. At page 45, of the same work, (paragraph 49), under 
tlie head ‘‘ iron and nitrous acid,” 1 have shewn tluit, the 
electric relations of the two pieces of polished iron when 
placed in two portions of this acid, very dittercntly diluted, or 
the one piece in the acid solution and the other in w^atcr, are 
precisely of the same character as when the nilric is employed ; 
but the electrical energies displayed are more energetic, &c.” 

237. From the facts discovered in these experiments, I w as 

led to construct a compound battery of ten small pairs of iron 
plates, in w^ooden cells; each cell being furnished with a 
bladder partition. The iron which constituted what 1 have 
called ^^apairf was, however, merely a single piece, or long 
strip, which, by being bent in the middle, was easily adapted 
to unite two troughs : one of its ends being immersed in the 
strong acid solution, and the other end in the acid solu- 
tion of the vicinal trough ; and so on throughout the series. 
With this battery 1 could decompose .water, ignite metals, 
charcoal, &c. to a certain extoat as decidedly, as by any 
voltaic battery whatever, ; but as its chemical and calorific 
powers did not meet my expectation, 1 proceeded no farther 
with it. I discovered however, that iron held a more elevated 
rank amongst the metals when associated with amalgamated 
zinc, in voltaic scries, than had ever been noticed by any 
other experimenter. Indeed, at that time amalgamated zinc 
had never been erajiloyed in voltaic batteries, except in a 
semi-liquid form by Mr. Kemp, an ingenious chemist at Edin- 
burgh. Sir Humphrey Havy first noticed that amalgamated 
zinc acted better than pure zinc when associated with copper, 
in a single pair ; but I belieVe that the employment of amal- 
gamated rolled zinc originated with my own experiments i* 
and I formed compound batteries of cylinders of zinc and 
copper which worked exceedingly well with diluted sulphuric 
acid. ^ 

238. I discovered also that cast iron and wrought iron per- 
formed very differently in voltaic combinations with zinc, the 
cast iron forming the more energetic combination with that 
metal, especially when well amalgamated. I discovered more- 
over, that amalgamated iron holds a higher rank than cither 
cast iron or wrought iron, when voltaically associated wdth 
zinc, and that, therefore, any transference of mercury that 
might occur from amalgamated zinc would rather be favorable 

* l^inc may be easily amalgamated by first immersing it in dilute sulphuric 
iii id and then in mercury. See i>, 41, of my pamphlet. 
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to the action, than otherwise, a circumstance so diametrically 
opposed to that which occurs with amalgamated copper to 
give a preference to iron over that metal in voltaic associations 
with amalgamated zinc, especially when excitation is carried 
on with dilute sulphuric acid. Lately I have been induced 
to construct larger batteries of cast iron and amalgamated 
zinc, than I had ever before done, which, wdth their performances 
in the display of phenomena, 1 will now describe. 

5s39. The first battery of this kind, that I constructed since 
my appointment at this Institution, consists of ten cylindric 
jars of cast iron, each 8 inches high and 3^- inches diame- 
ter, with the same number of amalgamated zinc cylinders of 
the same height as the iron ones, and about 2 inches diameter. 
Each pair of these metals is connected together by means of 
a curved stout copper wire, one end of which being soldered 
to the iron, and the other to the zinc, as shewn in fig. 7, 
plate I."* The zinc of one pair is placed in the iron jar of the 
next, and so on throughout the series : contact being pre- 
vented by discs qf millboard placed in the bottoms of the iron 
vessels. Before any regular or exact experiments were 
carried on with this battery, a few’^ trials were made with it to 
give an idea of its probable powers ; some of which are the 
following : 

240. Experiment I . — When six pairs were arranged in series, 
and charged with dilute sulphuric acid, the polar wires were 
properly connected with an electro-gasometer, whose terminal 
platinum plates are inches high, and 1 J broad; consequently . 
exposing a surface of upwards of 1 1 square inches to the acid- 
ulated w^atert in the instrument. The terminals gave off 
2 cubic inches of the mixed gases per minute. 

241. Experiment 2 — By aiWing two other pairs to the 
lasft serjps, and arranging ihe whole in a series of 8 pairs, the 
terminals in the electro-gasometer liber*atcd 7^ cubic inches of 
the mixed gaSes per minute. The above results were obtained 
several timfis over, and, in some cases, after the battery had 
been in action for more than three quarters of an hour. 

242. Experiment 3. — The electro-gasometer was now laid 

aside, and the calorific effects of the eight pairs in series were 
as follow : — , . 

Charcoal gave out a small star of brilliant light. 

One inch of copper wire -3^5- of an inch diameter was fused. 

Four inches of do. made yrhite hot. 


• This figure will also appear in plate 4, which will also contain several 
other figures illustrative of certain parts of this memoir. . 

t The liquid in the electro-gasometor was 6 water, and 1 sulphuric acid, 
by measure. ^ • • 
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Eighteen inches of do. made red hot in broad day light. 

Eight inches of watch main spring was made red hot. 

Two inches of do. made white hot for several successive 
minutes.* 

243. Experiment 4. — The battery had now been in action 
more than an hour, and its decomposing powers were again 
ascertained to be equal to those exhibited at first, the terminal 
platinum plates still liberating the mixed gases at the rate of 
7^ cubic inches per minute. The voltaic series, on this occa- 
sion, was not extended beyond eight pairs, in consequence of 
the other two iron jars being leaky, and could not be used 
until the fissures were repaired. 

244. Experiment 5. — As the exhibition gallery of this 
institution was shortly to be opened to the public, I was 
requested by some of our directors to try if this battery could 
be used to illustrate the explosions made by Colonel Pasley 
against the wreck of the lioykl George. For this purpose, 
the series of eight pairs was furnished with two conducting 
wires, 200 feet in length each, making -a. circuit of 400 feet 
long. When the farthest extremities of these wirds w'cre joined 
by a thin platinum wire, the latter instantly became red hot, 
which left no doubt of the calorific powers of the battery being 
capable of exploding gunpowder at that distance ; but as no 
preparations had been made for trying its calorific effects below 
the surface of a body of water, nothing farther was done at 
that time. 

245. Experiment 6 On Saturday afternoon, the 30th of 

May, some of our directors and a few other gentlemen, met 
in the gallery, and it was proposed to try the iron battery 
again : and as the two leaky jars (243.) were now repaired, 
the whole ten were arranged m one voltaic series, and charged, 
as before, with dilute sulphuric acki. Tlie electro-gasometer 
which had been used in the former experiments, (240.) having 
been broken by accident, another, of much larger dimensions 
was now employed. Ite terminal metals consist of two sheets 
of thin platinum, exposing about 144 square inches of surfa^ 
to the acidulated water in the apparatus.t When the ten pairs, 
in series, were properly connected with the terminals of this 
instrument, 15 cubic inches of the mixed gases were liberated 
per minute. In the course of about eight minutes’ action, the 
rate of decomposition sank to about 13 cubic inches per 

* In tbe short description of this battery given at page 67 of this volume, I 
have said that 10 pairs were used to produce these calorihc effects, but 1 find 
by my notes that only eight pairs were used. 

f This electro-gasometer is that which was used with Mr. Grove’s battery, 
at the Royal Institution of Great Britain. See Annals of Electricity, vol. 4, p. 
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minute ; and after a quarter of an hour’s action, •it becname 
reduced to*about 11 cubic inches per minute. 

246. Fjxperiment 7. — Preparations were now made for imi- 
tating the5,blowing-up of*the Royal George,* but" as^no water 
could be let into the basin of the canal in the exhibition room 
of the Institution, in consequence of the painters being at work 
in it, we had recourse to a very humble, and to some per- 
son? it will appear, a most ridiculous substitute; viz., a bucket 
of water. Our charge of gunpowder was the same as that 
used in the Polytecnic Institution in London, being furnished 
with a stock of cartridges, from Messrs. Watkins and Hill, 
Charing Cross, which had been made for similar illustrations in 
that Institution. The bucket of water being placed on the floor 
of the lecture room, and one of the extremities of each long con- 
ducting wire (244) being twisted to the wires of the cartridge, 
the other extremity of one of tljem was attached to one pole of 
the battery, situated in the passage outside of the room door. 
When the word Jire was given, and the circuit completed by 
Mr. Brookhouse, ^hd stood b^ the battery, with the other con- 
necting wire, for that purpose, the most singular phenomenon 
occurred that was cve?» beheld by any of the party present j 
and certainly one which none of us had been led to expect. 
The explosion of the gunpowder was accompanied by a simul- 
taneous perpendicular ascent of both bucket and w^ater into 
the air, where they seemed to rest, for a moment, at an alti- 
tude of about 5^ feet above the floor, when both fell, and the 
greater part of the water spilled on the floor. The singularity 
of this antick of the bucket produced an effect on the bystan- 
ders more easy to imagine than describe : every one involun- 
tarily burst into an immoderate fij of laughter, which became 
mor|t and more excited as each person described the ludicrous- 
ness of fhe event ; and the consternation displayed by the 
two servants, v^ho w^ere present, in finding mops, basins, and 
other parapharnalia, with which they were not prepared, for 
^Wng up the water from the room floor, added no little to 
the burlesque character of the scene. However, the two men 
were very active, and in a short time the most of the water 
was in the bucket again. 

247. Experiment 8. — When*the effect of the last blow-up 
had suflSiciently abated, one of our directors proposed that the 
experiment should be repeated, in order to ascertain how high 
the bucket and water could be raised by a second explosion. 
The necessary preparations being made, and chairs, forms, 
tables, &c., being removed from the vicinity of the bucket ; 
the glass cupboard, in which our splendid electrical machine 
is placed, being guarded by chairs, forms, &c., against the 
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effects of splinters in case of the bucket giving way to the 
for^e of the powder, and the faces of glazed pictures turned 
to the wall, &c,, the cartridge was sunk in the w^ater ; and on 
the w ord fire being given the explosion again took place. The 
bucket jumped up to the height of about 4^ feet from the floor 
on to the lecture table, carrying with it only a small portion 
of water, the rest being scattered about in every direction. 
The servants, who were prepared, on this occasion, to take up 
the water from the floor, set to work with great alacrity in 
hopes to be enabled to replace the greater part of it in the 
bucket in a few minutes ; but observing, after w'orking a short 
time, that with all their efforts they were not lessening the 
water on the floor, one of them looked to see how much had 
been collected in the bucket, and immediately called out, that 

the bottom was blown out Nothing better than this news 
could possibly have happened, to give increased tension to 
the already excited risibility of the company. 

248. The cause of the buckdt and its water jumping up 
together by the first explosion, may probably be traced to the 
sudden reaction of the floor against the bottom of the bucket : 
which rebounded wdth a force nearly equal to that with which 
the water was blown upwards, and being in the same direc- 
tion they kept pace w ith one another. 

249. Experiment 9. — The battery htid now been charged 
more than an hour, and its decomposing powers were again 
tried with the same electro-gasometer as last used. From a 
mean of several trials the liberated gases amounted to more 
than 10 cubic inches per minute. 

250. Since the appearance of my pamphlet in 1830, experi- 
menters have turned their attention to the improvement of 
voltaic batteries, and sevcrfil kinds have been invented, each 
of which has its peculiarities, aiuf, for some processes, most of 
them have a great advantage over those previously in common 
use. It seems rather doubtful, however, irom the facts 
hitherto in our possession, that we shall ever discover a ferm 
of battery capable of exhibiting every class of electric phetto- 
mena to the best advantage. It is true that with the command 
of an extensive series of movable combinations or pairs, wo 
can arrange them in groups, or in scries in a great variety of 
ways, and thus be enabled to modify their forces so as to 
become advantageously available for the display of the electro- 
magnetic, electro-chemical, and the electro-calorific classes 
of phenomena ; but for the display of the purely electrical 
phenomena, such as the attractions and repulsions, and the 
charging of coated glass, the original pile of Volta still stands 
preeminent ; and amongst all the mrms^ of battery whicliji 
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have hitherto made their appearance, that of Cruickshank’s 
is the only one which can be advantageously employed; for 
purposes of this kind, and for medical treatment it seems better 
adapted than any other. 

251. The batteries severally invented by Grove, and Smee, 
are unquestionably about the most powerful now generally 
known for continued action in the electro-magnetic, clcctro- 
cheinical, and electro-calorific departments ; but their high 
price almost precludes their general employment ainongst 
experimenters, excepting in such cases as where the funds of 
an institution are at command. Professor Daniell’s battery 
is also so constructed as to retain its powers in action for a 
long time together, but unless of large dimensions, its chemi- 
cal, magnetic, and calorific powers, are far below those of the 
former two batteries. Besides the first cost of Grove’s and 
DanicU’s batteries, there is a continual current expense 
attending their preparation and keeping in order for experi- 
ment, to which Smee’s battery is not subject: for diluted 
sulphuric acid bcyig, the only liquid used, and having no 
diaphraras between the mctali, the excitation is accomplished 
at a cheap rate, and is not complicated by appendages 
which are expensive *in every form they have hitherto 
assumed, not only in the first purchase of the battery, but 
by the frequent renewal of those which become destroyed, 
and the time necessarily required for their preparation. 

252. Notwithstanding the advantages obtained by the great 
superiority in the action of the modern forms of battery over 
that exhibited by those invented respectively by Cruickshank 
and Wollaston, but very little seems to have been done towards 
ascertaining their real capabilities, as to the most advantageous 
display of the several classes of phenomena to which they are 
besPadap^cd : hence it is, that their full powers are but little, 
if at all known. It is thus that an important inquiry is still 
left untouched,*which may probably reveal facts of the highest 
interest to this department of physical science. Moreover, 
aff the employment of voltaic batteries has now become very 
extensive, not only in investigations, but in the daily illustra- 
tions at this, and many other similar institutions, and is likely 
to be still more extensively employed, both in military and 
civil engineering, it is obvious that a cheap efficient battery, 
with the mode of conducting it to the best advantage, are 
desiderata of great moment to the practical man w^ho may 
have occasion to avail himself of the advantages which such 
Bn implement affords in the daily processes of his professional 
avocations. But an investigation such as is best adapted to 
reveal tliese important facts, would require the command of 
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every kind of battery that appears likely to be adapted for 
gemral purposes, to which such an implement,^ is peculiarly 
applicable : and although not much skill in manipulation 
would be absolutely essential to such an undertaking, the 
requisite series of experiments would be somewhat expensive, 
and could not be conducted without a considerable occupation 
of time. 

253. The batteries belonging to this institution are the fol- 
lowing, viz.: — Cruickshank^s, two troughs of 50 pairs of 3 inch 
plates each. — Wollaston’s, two troughs of 10 pairs of 4 inch 
plates, with double coppers each. — DanicU’s, 20 copper cylin- 
dric jars, 24 inches high and 4 inches diameter, with amal- 
gamated strips of rolled zinc, in hempen hags or diaphrams. 
Grove’s, 50 pairs of 4 inch platinum plates, with double 
amalgamated zinc in porous pots for diaphrams. Besides 
these, we have 30 of those cast iron jars, with their 
amalgamated zinc cylinders already described, (239), and 20 
pairs of copper and amalgamated zinc cylinders, in porcelain 
jars. I have availed myself of the use of these batteries, and 
also of one of Sniee’s construction of twelve pairs, which, by 
the kindness of Mr. Joseph Lockett, has been placed in my 
hands for the purpose of comparing their powers in the display 
of the electro-chemical, electro-magnetic, and the electro- 
calorific classes of phenomena, and for fivseertaining which kind 
of battery is most likely to become more generally useful, both 
as regards economy and facility of manipulation. 

On the Chemical Powers of Voltaic Batteries, 

254. The chemical powers of our modern batteries have, 
hitherto, been tested in no other way than by the decomposi- 
tion of acidulated water. ‘This circumstance may probably 
be owing to the great facilities which are afforded by*operiting 
on this compound, and the supposed exactness of the results. 
In point of preparation and manipulation there be no doubt 
of the superior facilities for the decomposition of water, ^.ver 
that of moat other bodies; but notwithstanding the facilities 
thus afforded to experimenters, the decomposition of water, 
as a test for the powers of voltaic batteries, has led many to 
the most extravagant inaccuracies : and I am not aware that 
any experiments are on record that have been directed to an 
enquiry for ascertaining the best means of arriving at a maxi- 
mum of decomposition by the employment of any one of the 
several batteries which have hitherto been constructed. The 
errors of a fashionable man, whatever may be the nature of 
his pursuits, are almost sure to lead those astray who have 
either PC desire or no opportunity to judge for themselves, 
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and there is not, perhaps, amongst the numerous errors into 
>vhich Dr. Faraday has fallen, one more eminently calculated 
to mislead the unwary experimenter, than the pretended Accu- 
racy of the indications of an instrument, the principles of which, 
he either neglected to reveal, or of which he had not the slightest 
knowledge. The visionary voltameter has been a favorite 
instrument with experimenters, only because of their credence 
in the assertions of its author, and some of them have thus 
been led into errors which would otherwise have been avoided, 
amongst the records of their own discoveries. 

255. If we wish to arrive at a knowledge of the powers of 
any voltaic battery in the process of decomposing water, there 
are several particulars which are necessary to be attended to : 
some of which will vary with almost every form of battery, 
whilst others are common to all batteries whatever. 

256. The first essential point to be determined is, which is the 
most influential body in facilitating decomposition when dis- 
solved in the water to be operated on ? And as that solution 
which facilitates deepmposition the most in one case, will also 
facilitate it to the greatest a^^tent in all, whatever may be the 
form of battery employed, the determination of this point be- 
comes easily accomplisned. A solution of sulphuric acid is now 
generally placed in connexion with the platinum terminals in 
the decomposing apparatus : and 1 have not found any other 
which facilitates decomposition to the same extent, when the 
water is to the acid as about 5 to 1. The mixture ought to 
be made some hours prior to its being placed in the apparatus, ^ 
otherwise its heat will soften the cement so as to give way to 
the liquid pressure, and become leaky. Whatever may be the 
real character of the action of bodies which facilitate the decom- 
position of water It— whetlier it be a mere mechanical separa- 
tioti of jits particles, whioli makes them more assailable to 
the electric forces ; — an improvement in its electro-conduc- 
tion, and thus permits the introduction and consequent flow 
o^a greater quantity of electric fluid ; or whether it admits of 
am improved electro-polarization by an association with the 
particles of the dissolved body, remains a problem, for which 
philosophers have not yet found a solution. 

257* The second consideration is the distance between the 
platinum terminals in the decomposing apparatus, which can 
hardly be too small, provided they do not absolutely touch one 
another. This is a fact generally known, and like the former 
particular, applies to all batteries whatever. 

258. The third thing to be determined in the decomposition 
oj water, is the size of the terminal metals in the decomposing 
«.|^ratus: for the extent of decomposition will vary.^very 
VoL. V. — Auffust^ I8i0. K 
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considerably with terminals of different extent of surfaces, 
Withtfeeble batteries, it is necessary to concentrate the elec- 
tric force to a mere point before any decomposition of water 
can be accomplished ; hence, in such cases, short thin plati- 
num wires are preferable to terminals of larger dimensions. 
The decomposition of water, however, is not tne best test for 
ascertaining this law with precision, when the intensity of tlie 
battery is very feeble. Perhaps the following experiment will 
answer as well as any. 

259. FjXperimcnt. — Employ a battery of one pair only, of 
small dimensions, and let the liquid operated on be a strong 
solution of sulphate of copper. Let the terminal metals he sheets 
eff platinum foil of 3 or 4 square inches eac li ; and immerse 
them both completely in the enperous solution. No decom- 
position is perceptible, even though the connexions be con- 
tinued for more than an hour : but a galvanometer placed in 
the circuit, indicates the existelacc of a current. Let, now, 
the negative terminal be taken out and wiped dry, and then 
immerse only one of its corners. In a few- minutes the im- 
mersed corner wull be covered wKh precipitated i opper, indi- 
cating decomposition by the force of thf concentrated current 
at that point ; but the galvanometer needle indicates a much 
feebler general current than when the platinum plate was 
w holly immersed. By immersing the corner of the platinum 
, terminal to different depths in the solution, the exact amount 
of. metallic surface which just allows of decomposition, may 
bo discovered. And it will be found, in all cases, that as the 
immersed surface increases, the magnetic deflections increase 
also. Hence it becomes obvious that the powders which such 
feeble currents exercise on a magnetic needle arc no indications 
of the clicmical powers of the battery ; unless, indeed, we 
look for the one as the reverse of the other. There several 
interesting facts on this nice subject ; but as the principal ob- 
ject of this memoir is to investigate the powders of the most 
formidable batteries known, I shall not dwell upon them tilj a 
future opportimily presents itself. 

260. The fourth point to be determined* to effect the maxi- 
mum of decomposition of water, by voltaic electricity, is the 
jyroper extent of the voltaic seriee^^ or of the proper unit of inten- 
sity of the battery : and as the intensities of different batteries 
with the same extent of series, differ very much from each other, 
the determination of this point must be of great interest to ex- 
perimenters generally. 

261. Having now pointed out four grand particulars' to be 
attended to for obtaining a maximum decomposition of water 
Vy voltaic electricity, I will next proceed to describe the 
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results of a few scries of experiments intade with, the various 
Itiiids of batteries already noticed. 

J'ahle of Experiments on the Decomposliion of Waier^ 
with various Series of Professor Danielis Voltaic Battery ; 
with the two Eleclro-gasometers described in f253 ). 


No. of pairs in 

Quiintlty oi'Gus oblumnl per Minute. 

10 

I'lom tlio Laru*! Tunninals. 
> 

Fioin ihc Small Teimiual'* 

i n > 

0 

0+ 


R 

7i' 



. . .. . 

7 


;; .it 

6 

f,4 



.. >t 



1 1 

... :i| 1 

MJ 


1 


1 2 Sram'lv anv 



' J'rom r'lther. 


202. Each of the above tfibulated results, is the mean of 
several trials ; they furnish us with a knowledge of tIie?«/i/7 of 
intensity^ of this kind of battery, which is obviously that given 
by a series of o pfiirS. And although the decomposition by an 
extensive battery, would not suffer much loss by employing 
a series of cither 6 or*7 pairs, yet any series above 7 or below 
r>, would be attended with a great loss in the quantity of de- 
composition in a given time. 

2C3, Another essential feature in these results, is in the 
quantities of gas liberated by the different sized terminals ; the 
larger ones invariably producing the greater quantity.* 

2d4. In another series of experiments with Mr, Danieirs*” 
battery, and the electro-gasometer with the larger plates (245), 

I obtained \0}^ cubic inches of the mixed gases per minute, with 
a scries of 10 pairs ; and with lower series, the rate of decom- 
position was nearly proportional to that in the above table ; 
thus indicating by both sets of experiments, that the proper 
unit of intensity is a series of 5 pairs : for by employing 
the ten pairs in two series of 5 pairs each, I obtained above 
J.€ cubic inches of the gases per minute. 

265, Table of Experiments on the Decomposition of Water^ 
by various Series of Voltaic Pairs of Cast Iron and amalga- 
mated ZinCf as described in paragraph (239 J. 


No. of Iron .TUI’S 
in 8erie.s. 

Cubic Inches obtahicil per Minute. 

10 

Largo Termiaalx. Small Terminals. 

U 10 

9 

11 89 

8 

10 7 

7 ...... 


6 


a ....... 

2i 2 ' 


^ r i 

.T 

* Scarcely any. 
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266. The first thing to be observed in this table, is the stipe- 
rioritSy of action by the large terminals, over that by the smaller 
ones ; and in a much greater degree, than by Danieirs form 
of battery, 

267. The next thing to be observed is the rapid increase of 
decomposition, by an increase of the voltaic series, even up to 
ten pairs ; by which we understand that the whole in one 
series, is much more powerful than in any other way we could 
combine them; and it is probable, that by extending the 
series we should discover that the proper unit of intensity, is 
considerably greater than that given by ten pairs. 

268. The above results were by the employment of the first 
ton pairs, of this kind, that were constructed ; but since the 
time the above expermiments were made, 1 have obtained 22 
cubic, inches of the mixed gases per minute with the 10 pairs 
in series; I have also got 20- new iron jars cast; with 10 
pairs of which I have obtained 99 cubic inches of the gases 
in four minutes action ; and I am in hopes of arriving at a 
still greater rate of decomposition. In all c&ses with the iron 
batteries, the decomposition has increased rapidly up to ten 
pairs in series, indicating that a still "higher intensity is re- 
cpiired for the most advantageous tinlt of intensity, 

269. Table of Experiments on the Decomposition of Water ^ 
by various Series of Voltaic Pairs^ on the principle of Mr. 
Smet if Battery, The Electro-gasometer^ with large Terminals, 
Y 245 ) was the only one employed in this series of experiments^ 


No. of Viurs ih 
Scries. 

Cubic Inohes of Oases libf^.rated in One 
Minute with large Terminals. 

. ( ) 

2 





4 

1 

n 

• 

6 

:r 

7 ...... 

8 

ft 

n 

U 

1,'i 

10 



270. If we look to the rapid increase of decomposition from a 
series of 6 pairs to the series ol 10 pairs, we arc soon con- 
vinced that to employ a scries of 10 is more advantageous 
than any series below that number ; and it is very probable 
that the proper unit of intensity with this battery, as with the 
cast iron one, is considerably above that given by a series of 
1 0 pairs. This point, however, must be determined by future 
experiments, as 1 have not, at present, more than 10 pairs 
at command. But the experiments detailed in the above table, 
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will be a sufficient guide, for the present, for any person em- 
ploying no more than 10 pairs at once, because it is ob.vious 
that the decomposition of water will be accomplished to the 
greatest extent, by employing them in one series : which also 
appears to be the case with the cast iron battery. 

271. Experiments on the Decomposition of Water ^ hy 
various series of Voltaic Pairs^ upon the principle of Mr. 
Grove's Battery. The decomposing apparatus with the 
larger terminals was used 245. 


No of Paii-s in 
Series. 

Cubic Incbc.s of Gtis per Minute. 

• 2 


3 

tt' 

4 

9 

.5 

V 11 


14 



7 

1<1 


Irt 

a*::.':;: 

21 

• 10 

f.... 24 


272. From the results of this series of Experiments, it is ob- 
vious that the 10 pairs in scries produce more decomposition 
than by any other combination of them ; and it is probable 
that a still more extensive series would be the proper unit of 
intensity for accomplishing the maximum of decomposi^n by 
this kind of battery. Mr. Grove has, I believe, constjifiH^ 
employed his battery in series of 5 pairs only, which seri^ is 
obviously too small, and occasions a considerable loss of 
decomposing power. 

^3. Suppose, for instance, that a battery of 30 pairs were to 
be used,* in six series of 5 pairs each, then as 5 pairs give 
1 1 cubic inchqp of gas, 5 x 6=30 pairs, would give 6X1 1=:^66 
cubic inches. But 30 pairs in three series of 10 pairs each 
would give 3 X 24=72 cubic inches of gas, which is six cubic 
inches more than by Mr. Grove’s mode of combination. 

274. In order to compare the decomposing powers of these 
batteries, it will be necessary to ascertain their relative me- 
tallic surfaces exposed to the exciting media. They stand as 
below for each pair : — 

Daniell’s =360 square inches of metallic surface* 

Smee’s ...=192 do. do. 

Sturgeon’s=162 do. do. 

Grove’s ...=104 do. do. 

275. Thus, by^sumipg Mr. Grove’s battery as the unitiof 
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surface, and also the standard of decomposing power, we shall 
have: 


Metal. 

104 

Gas. 

Metal. 

Gas. 

.. 24 

Grove’s 

162 

: 25 : 

: 104 

14*8 

Sturgeon’s 

192 

: 15 : 

: 104 

8-1 

Smee’s 

360 

: 12 : 

; 104 

3-5 

Daniell’s 


276. Hence it appears, that if the whole of the batteries ex- 
posed precisely the same extent of metallic surface to the exist- 
ing liquid, that invented by Mr. Grove would have a decided 
preference, and Professor Daiiiell’s battery would hold but a 
very low rank in point of decomposing power. But if we 
view them individually according to their respective sizes in 
which they have been employed in tliese experiments, then 
their maximum powers that I have obtained, will stand thus : 

Sturgeon’s ... 25 Cubic inches of gas per minute. 


Grove’s 24 do. do. 

Smee’s 15 do. do. ' 

Daniell’s 12 do. do. 


277- The next consideration is the cost of these batteries, 
both as relating to the first purchase, and the current expense 
of keeping them in action. The price given for 12 pairs of 
Srnee’s construction, Mr. Lockett informs me, was £32. 
Henr^.the price of 10 pairs would be £26 ISs."^ — The price 
pairs of each of the other kind of batteries is, Grove’s 
£‘j;L-Danieirs £6. — Sturgeon’s £3 10s. 

278. The excitation is carried on by about the samequantity 
of suphuric acid in each battery ; and in Sinec’s, and the iron 
batteries, no other expense is required. But in Grove's 
battery 1^ lbs. of the best nitric -acid for 10 pairs is used in 
addition : and in Daniell’s, about 5 lbs. of sulphate of cop- 
per, in addition to the sulphuric acid, is used for 10 pairs. In 
both these latter batteries, there arc also diaphrams winch 
are continually falling into decay, which is another current 
expense attending these batteries. The mercury employed jn 
the amalgamation of the zinc, would be nearly the same in all 
the forms of battery hitherto described ; but the time occupied 
,in fitting up is very different indeed: the iron battery requir- 
ing much less time than any of the other forms. Hence as 
far as the decomposition of water is concerned, the iron 
battery has a decided advantage, both in point of power and 

* There can be no question, of this being a very extravagant price, as 1 am 
confident tbat it can be bad for less than half that money, either irom Watkins 
andTHill, Clarke, Carey, Jones, Newman, or Harris* 
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economy : and is so simple, tliat it is manageable by any per- 
son : and what is another point in its favor, it works best 
when quite rusty : and retains its power a long time. 'The 
hydrogen is certainly an annoyance, but I have hit upon a 
contrivance to remove it, which 1 shall describe in the sequel. 

( To be continued in the September Number.) 


XVII. — Description of a New Compensating Pendulum. 

By William Gwvns Jones, A. M. 

(Extracted from SilUmaiVs Journah) 

During the latter part of the past year, while engaged in 
some interesting astronomical observations Mdiich required 
considerable accuracy, it was indispensable to procure a time- 
keeper whose rate would not Ifb affected by the variations in 
the temperature of the weather, to which all such machines, 
of ordinary construction, are liable. The expensiveness of a 
chronometer \thich could be •relied upon for such a purpose, 
rendered a resort to §ome more economical instrument de- 
sirable, if it could be depended upon. The gridiron pendulum 
as well as the mercurial one, both of which have been designed 
to effect this object, Vere found unsatisfactory ; the former 
from the difficulty of procuring an exact adjustment of the 
diflTerent rods of which it is composed, so as to produ<p« the 
desired counterbalancing expansion and contraction, anokfi^o-^- 
mercurial pendulum proving upon experiment too sensitiv^^'to 
be relied upon. Under these circumstances, 1 contrived a 
simple arrangement for a pendulum, acting upon the principle 
of the lever, which performed with so much accuracy that I 
have bee« induced to present it to the notice of the readers of 
the American Journal, believing it will not prove uninterest- 
ing to those engaged in scientific investigations requiring 
grqgt uniformity of action in a time-keeper. The arrange- 
ment of the parts is so simple as to be readily understood by 
any skilful workman, and as it is entirely free for the adop- 
tion of any one who may prefer its construction, I have 
prepared a description and diagram to render it intelligible. 

Fig. 5 plate 3, shews the whole pendulum, the dotted lines 
representing similar parts to those on the opposite side, and are 
introduced to render the drawing more easily understood ; 
a is a similar spring to that which is attached to the pendulum 
of an ordinary eight-day clock, and is firmly attached to the 
perpendicular brass bar 6. Through b there is the usual 
opening for the gujr-wirc, M^hicb gives motion to the pendukun* 


136 Mr. Jones’s Compensating Pendulum. 

This bar is firmly affixed to the transverse bar c either by 
riveting or soldering. On each end of the bar c there is 
attached a brass rod and one inch from each of these 
there is also affixed a steel rod e, e. These four rods pass 
through the bar jo, which is intended merely to preserve them 
in their proper position, and is attached to the two brass 
rods by a pin passing through both, while the steel rods are 
allowed to move freely through the boles. Atyj a transverse 
bar or lever is affixed to rf by a loose pin passing through 
them, and the same attachment is made to the steel rod e at 
g. This bar is four inches long, three inches of which extend 
from g to A, and a similar one is attached to the dotted rod d 
and extends on the opposite side. At h there is another loose 
attachment to the rod which is of steel, and which is again 
affixed to the bar A. At k there is a permanent bar which 
passes through the weight o, and has the usual adjusting 
screw n at the bottom. 

Rationale — Suppose that by an increased temperature of 
20^, the steel rods e, e, are expanded in length i”ch. 

The rods rf, rf, being of brass, and a small fraction larger than 
the steel, will expand ^ of an inch by the same increase of 
temperature, it being an establisheJi theory with the best 
French chemists, that the relative effect of the temperature 
upon the two metals is as 3 to 5, or nearly double the expan- 
sion in brass as in a steel rod of similar size. The outer rods 
them^-aye expanded in length of an inch more than the 
‘ inivtT rods. It will be apparent from a slight inspection of 
thh drawing, that as the brass rod d and the steel one e are 
attached by a connecting pin to the transverse bar f A, that 
by d expanding more than c, that /A becomes a lever, being 
the fulcrum, and as g h is three times as long as f g^ codsct 
quently if d be expanded ^ more than e, the end A will be 
devated of an inch, and thereby raise the w'eight o of an 
inch more than the expansion of d has dtjprfessed it. This 
incres^ed elevation is intended to allow that the spring n ^ the 
bar ft, the rod and the bar m, unitedly, 'will expand J of an 
inch also, and if so, it must be apparent that the whole pen- 
dulum has preserved its equilibrium and remains precisely of 
the same lengih as if no change had taken place in any of its 
parts. 

Fig. 6 plate 3, shews a perpendicular view of the transverse 
bar f A, arranged so as to admit the corresponding bar for the 
other side to work freely, and at the same time preserve the 
four uwer rods upon a line with each other, which, as the 
levers intrude witnin each other, could not be done without the 
reeSss as ^hewn in the section. The same letters correspond 
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to the same parts in Figs. 5 and 6. The dotted lines in Fig. 6, 
are intended to shew the relative position of the lever whjeh is 
attached to the dotted line rf, Fig. 5, in regard to the other. 

BaltirnorCi Md., 1834. 


XVIII . — ^Description of an Economical Apparatus for 
Solidifying Carbonic Acid^ recently constructed at the 
Wesleyan University^ Middletown^ Conn, By John 
Johnston, A. M., Professor of Natural Science. 

The, solidification of carbonic acid has of late excited con- 
siderable interest both in linrope and in this country ; but the 
cost of the necessary apparatus has been considerable, and 
many probably have on this account, merely, been prevented 
from making any attempt to repeat the experiment. Most of 
our public literary institutions, in \vhi(*h alone in this country 
such apparatus is ever iised, are obliged to study economy, 
and they arc therefore often Jiable to be prevented from avail- 
ing theinselvcs of the benefits of new discoveries like the 
present, merely on acedunt^of the expense of apparatus. 

It is therefore thought a description of an economical ap- 
paratus for solidifying carbonic acid may be acceptable to the 
public, though we do nqt pretend to offer anything new on 
the general subject. 

The generator A, fig. 7 plate 3 is made of a common . 

flask, several of which I have tested and find sufficiently 
They may be purchased in New York for a dollar a piece, or 
even less. The aperture at the neck may be a little enlarged, so 
as to make it an inch or an inch and a quarter in diarneter, and 
the ^thread of the screw i;p-cut. A plug of cast-ste'el B is 
made of H bar two inches in diameter, and turned with a wide ‘ 
and smooth shoulder, so as to fit accurately upon a collar of 
block-tin when screwed into its place, as i^presented in the 
figflre. This collar should be soldft’ed to the iron ; which is 
easily accomplished by filing the iron bright and tinning it in 
the ordinary manner, and then melting the block;^ and pouiv 
iug it on, having first screwed^ a cork into the '^prture and 
formed a wall ot putty or clay at a sufficient distance arodtid 
it. The shoulder of the plug is readily made to fit the collar 
accurately by screwing it a few times into its place, and then 
removing with a coarse file the parts of the collar upon which 
it touches. In this manner an accurate joint may be made 
without the use 6f a lathe ; and if the plug does not corres- 
pond precisely with the axis of the flakk it is just as well.i^ 
ITie faucets oi* stop-cocks are the most difficult part to 
VoL. V. — No. So, Angust, 1840. S 
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construct, ^nd occasion full half the expense. These in our 
apparatus are supposed to be essentially the same as are used 
by others for this purpose, but it may not be amiss to insert a 
description, since none has to my knowledge been given. There 
is this peculiarity about ours, however ; they are inserted in the 
cast-steel plugs, which indeed* make a part of them. D fig. 8 
plate 3 is designed to represent the plug removed from the gen- 
erator ; at the upper end of it a hole F one inch in diameter is 
drilled about an inch deep, terminating in a hollow cone into 
which the point G fig. 9, is accurately ground. A small hole 
extends quite through the plug. Around the aperture F a collar 
of block-tin is fitted to receive the shoulder of the part E, as 
seen at I, and ])revents any passage around the threads of the 
screw. 'Hirough the axis of the part K a hole three eighths 
of an inch in diameter is drilled, and receives the part G 
which is screwed in from below, the handle li being removed. 
The handle H should be afterwards riveted on. 

Now suppose H E G to be inserted in its place in the 
cast-steel plug, as represented at B I, fig. 7, the plug itself being 
screwed into the generator. If IV be screwed down, the 
aperture from the generator is firmly closed by the conical 
point G ; and by giving IF a single revolution in the opposite 
direction, the shoulder of G is brought firmly against the 
bottom of E, so that no escape is permitted directly upward, 
but only in a lateral direction through the brass tube L, which 
connef*I;s the generator with the receiver C. A washer of 
lead should be placed around the shoulder of G, in 
ord^r to secure a perfect metallic contact between it and the 
bottom of E. 

The receiver C Is made of the best boiler iron, which was 
strongly welded around a cylinder and a bottom dso welded 
in. It is of the same height as the generator, whicheis ab^out 
one foot, but only about tw^o inches in diameter internally, 
and has a capacity of about one pint. This form enables it 
to resist, much greater pi^ssure than if it was of a larger dia- 
meter ; and it is rather an advantage than otherwise to have 
it of the same length as the generator. 

; A cast-8t^$l plug with stop-cock precisely similar to the 
one described, screws into the receiver, as the other does into 
the generator. The tube L screws into the plug which is 
inserted in the receiver, and the other end, turned to a conical 
point, fits accurately into a cavity in the plug B, and is held 
in its place by means of the stirrup screw M. Another stirrup 
screw Nj ana filock of wood O, secures the receiver C in its 
places ' 

.To use this apparatus the generator and receiver are sepa- 
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rated, and the plug B being removed, two pounds of bicar- 
bonate of soda, made into a paste with the same weight of 
water, are introduced into A, and twenty ounces* of strong 
sulphuric acid are poured into several lead vessels, made by 
soldering bottoms in pieces of lead tube a little shorter than 
the length internally of the generator, and of such a diameter 
that they will just pass the aperture. These being nearly 
filled with acid are dropped into the generator, which, after 
the plug B is inserted, is allowed to lie on one side for fifteen 
or twenty minutes, or a less time if it is several times rolled 
over to mix the acid with the soda. The receiver is then 
attached to it as seen in the figure, by fneans of the stirrup 
screws ‘M and N ; and if kept sufficiently cool by means of 
ice, the liquid carbonic acid formed in A will ihortly be dis- 
tilled over into.C, the passage between them being of course 
previously opened by means of the stop-cocks before des- 
cribed. ‘ 

Tlie stop-cocks are now to be, closed and the receiver, 
which now contains the liquid carbonic acid, separated from 
the generatof. A small tin^up is then to be attached to the 
tube L, precisely as in, Dr. Mitchcirs apparatus, t to receive 
the jet of the acid from the receiver. It is essential that the 
liquid acid should escape into this cup, which is effected by 
having a small tubtf pass from the steel plug nearly to the 
bottom of the receiver, or by inverting the receiver before 
opening the stop-cock. 

The best method of testing the strength of the apparatus^ ’ 
is by means of a hydraulic press, but it can be done as effec- 
tually by permitting it to lie, when charged, exposed to the 
direct rays of the sun, and excluded from currents of. air, till 
the temperature rises to 100® oV 110® F. This should be 
done two or three times bdfore running any risks by ventur- 
ing to handle the apparatus while charged. 

It has been*our object to construct an apparatus for forming 
th% solid acid merely, but the gauges for ascertaining the 
pressure, &c. might of course be added as in Dr. Mitchell’s 
apparatus. 

The above apparatus, including the expense of testing 
three times, cost us about nineteen dollars. 


* The quantity of acid required to saturate or neutralize the soda would be 
a little more than 24 oz., or 22 oz, only ;if the soda is in crystals, but some- 
thing less than this should always be used. 

-t, of the Franklin Imtitate.Yolt xxii. n, 289, and Vol. xxxr.j),346 

ofSilllman’sJoumaU 
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XIX. — Organic Chemistry. Memoir on the Essence of 
Crystallized Peppermint. By M. Walter. 

(Extracted from the Cvmptes Jiendus.) 

In a note I had the honor of communicating to tlic academy 
relative to the essence of crystallized mint. I endeavored to 
discover if it were necessary to place this among a group of 
peculiar bodies, of which, ordinary camplior would be the type ; 
or if its place ought to be in that very nearly related, and at 
present so numerous, group of alcohols, of which ordinary 
alcohol is the type.* The experiments 1 have tried decide in 
favor of the first opinion : in fact, the reactions which are 
exercised on ^he essence common sulphuric acid and per- 
chloriire of phosphorus, neat and decisive reactions, of which 
I shall treat in detail hereafter, are adverse to the idea of 
considering it as a common alcohol. U'he group with its de- 
rivatives is more numerous than we should at first be tempted 
to suppose. I have tried to represent> it in the following 
table, in which several bodies are even yet, only hypothetical, 
and present gaps which I hope ere long will be filled up. 

C^o f-po IP O*^ essence of mint H’^^mcnthene 

ipvi -p jp o- unkuo wn essence of teribenthine 

CIO JJ 28 fji 0‘^ camphor IP^camphene 

11'^ O® unknown unknown 

+ 1 1 * O ' aniseed ......... C anisene 

+ H‘ 0‘^ unknown napthaline 

The essence of mint presents itself under the form of 
colorless prisms, of a taste and smell which belong to the 
essence of powdered mint. * It is rather soluble in water, very 
much so in alcohol, spirit of wood, ether, and essence of 
terebentbine ; its point of fusion is at 34'^c., the point of ebulli- 
tion 2i3"c., under the pressure of 0*".76. Anhydrous phos- 
phoric and ordinary sulphuric acids, perchlorate of phosphoisua, 
dry chloride acting sometimes in the dark and sometimes as- 
sisted by the solar rays, exercise particular reactions. My 
analyses agree with those of M. Dumas, and the density of 
the vapor which I have found for him. The following are the 
data of one of these analyses : 0.3225 essence of mint, 0.9055 
carbonic acid, 0.372 water, which gives in centiemes 77.68 
carbon, i2.8i5 hydrogen, 9.19 oxygen : these results agree 
with rational formula C^, which gives 77.27 car- 

bon, 12.62 hydrogen, 16.11 oxygen. The density of the vapor 
was found 4.62 ; calculation gives it 5.455. An equivalent of 
essence contains four volumes of vapor. 
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Causing anhydrous phosphoric acid to react on 
the essence of mint, we obtain a particular liquid body to 
which I have given the name of meuthcne. Distilling ifonce 
or twice over anhydrous phosphoric acid is sufficient to purify 
it. This liquid is clear, transparent, and of an agreeable 
smell, its taste is cool ; it is soluble in alcohol, ether, &c. ; 
burns with a sooty flame, boils at 163^c., under a pressure of 
0.76 : its specific gravity is 0.851 at 2^*0. Chlore and nitric 
acid react in a peculiar manner : brome produces it in a very 
characteristic deep red colorisation : subjected to analyses it 
has afforded me the following result : 0.372 menthcne, 1.178 
carbonic acid, 0.426 water, or in centieines 87.59 carbon, 12.71 
hydrogen. This result agrees perfectly with the formula 
(jio wliich would give 

r/o=:j53o=87.18 

225=12.12 

I took the density«of the vapor twice, and found it =4.9 ; 
the calculation, according to*the formula quoted above, gives 
4.8. Hence an equivi^lent of menthcne contains 4 volumes 
of vapor. 

Common sulphuric acid when cold exercises no sensible 
action on the essence of mint : the mixture only takes a red 
color ; but if we heat it in a sea-bath it divides itself into two 
strata, one colorless and fluid, the other thick and^deeply 
colored with red ; the upper stratum supplied several [\iiicz 
with cold sulphuric acid exhibits all the cnaracters and com- 
position of pure menthcne, the other, thick, saturated with dif- 
ferent bases, gave me nothing from which I could infer the 
existence of sulpho-menthic acid.* 

Chlorp^menth^ne, — In order to prepare a chlorhydrate of 
menthcne analogous to the chlorhydrates of bicarbonated 
hydrogen or naethylcnie, I caused some perchlorure of phos- 

I du^rus to react on essence of mint ; the /^action was very 
ively, it disengaged abundant vapors of chlorhydric acid. By 
distilling the whole in a small excess of perchlorure of phos- 
phorus, there passed in the recipient, first, protochlorure of 
pho^horus, then perchlorure,*and finally, an oleaginous body. 
The mixture supplied with water, caused to appear on the 
surface of this latter an oleaginous body, which^ washed with 
water and a solution of carbonate of soda, afterwards redis- 
tilled twice in perchlorure of phosphorus, washed, put in con- 
tact vpith chlorure of calcium melted, and. placed in vacuo, 
was subjected to analysis. 

0.24 of matter ^ave 0.608 carbonic acid and 0.214 water, 
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0.3565 of matter decomposed by incandiscent lime, furnished 
of chloride of silver. 

These reduced to centiemes, give 

Carbon 70.09 

Hydrogen 9.89 

Chlore 20.87 ^ 

They agree with the formula of ehloro-mentheiie, which is 
C*'" -=69.91 

ipi= 9.77 

Cl^=20.t^2 


Chloro-mentliLiie is a pale yellow liquid, its smell is aro- 
matic, resembling that of mace flowers, the taste fresh; it 
boils at 204 c., and burns with a fuliginous flame edged with 
green : a concentrated solution of caustic potjissa has no effect 
upon it. Hence collecting these characteiistics we may con- 
clude that menthene and chloro-m,enthcne are two bodies of 
the same type, having the same relationship between them as 
olcfying and chloro-lefying gas, or further, as acetic and 
chloro-ac‘ctic acid. • 

The action which chlore exercises on^thc essence of menthene 
gives rise to compounds of a complicated composition. Caus- 
ing dry chlore to pass througli essence of mint, abundant 
vapors of chloror-hydric acid are liberated, and we at length 
obtain a yellow liquid more dense than water, which, purified 
and^rjed by the ordinary methods and subjected to analysis, 
gaVf the following result: 0.338 matter, 0.7 carbonic acid, 

0.22 water 0 365 matter gave 0.557 chlorure of silver, or 

in centiemes, 


Carbon ... 
Hydrogen 
Chlore ... 
Oxygen ... 


.49.92^ Thiscomposi./C^® 


9Q tion* agrees very 
,1 ‘ 


37.0 


nearly witU ll»e 
following for- 
I inula : 


ipi 

cv 

10^ 


=1530=50.4 
= 193= 6.3 
=11 06 =#36.5 
= ;200= 6.8 


This product •exposed to the action of chlore and sglar 
light becomes more pale, viscous, loses also 6 equivalents of 
hydrogen which arc replaced by (5 of chlore ; in short, 0,321 
matter employed gave 0.411 carbonic acid, 0.112 water; 
0.283 matter furnished 0.643 qjilorure of silver. These; data 
reduced to centiemes become 


Carbon ......34.42^ 

Hydrogen ...,3.87 

Chlore 56.0 

Oxygen 


Which agrees 
with the for- ^ 
inula : 


C^® = 

ci“. 


>1530=35.4 

> 156= 3.6 
>2434=56.3 

> 200= 4.6 


I now pass on to the reactions produced by nitric acid and 
chit^e on menthene. 
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Cold nitric acid exercises no action ; but on warming it, 
the reaction is made with extreme violence : numerous recti- 
lant vapors and carbonic acid arc liberated. At the en^ the 
reaction is made with extreme ditficiilty/ We obtain a yellow 
litjiiid soluble in water and alcohol, which, purified and sub- 
mitted to analysis, gave the following result : 0.374 matter, 
0.582 carbonic acid ; 0.222 water or in centiemes, 43.05 car- 
bon ; 0.5 hydrogen, 56.45 oxygen, which nearly agrees with 
the formula 11^^ O^. This acid demands a particular 
study. 

Causing dry chlorc to pass through mentheiio, the chlore 
attacks it in a very energetic manner, and changes it into a 
juicy liquid of a yellow color, which, purified and dried in 
vacuo, gave the following result: 0.311 matter, employed 
0,441 carbonic .acid, 0.136 water; 0.282 matter, employed 
0.653 chlorure of silver, or in centiemes : 


Carbon ... 
Hydrogen 
Chlore .«• 


.39. 2) 

A Q AVhicli tends to 
* •^*5, ^ the formula: 

. 5.71 • 


=1530=39.18 
162= 4.17 
Cl»« =2213-56.67 


In this reaction, thejnenthene has lost 10 equivalents of 
hydrogen which have been replaced by 10 of chlorc. 

All my attempts to produce with essence of mint and the 
different reactives of the compounds analogous to those which 
afford us alcohol, wirit of wood, ether, placed under the same 
circumstances hallBg failed, the action of sulphuric acid, per- 
chlorure of phosphorus, and phosphoric acid having always 
given me very particular and novel results, we may conclude 
that essence of crystalised mint cannot be regarded as an or- 
dinary alcohol. Hence I shall be led to place it in the same 
group with camphor and acetone, which it very much re- 
sembles. • * 


========== 

XX. — Researches on the Phenomena resulting from the intro^ 
dftetion of certain Salts in the way of ike circulation. 
By M. Blake. 

(Extracted from the Comptes Eendits.) 

Soludons of several salts, pcAassa, soda, ammonia, baryte, 
lime, and magnesia, have been, says the author, injected into 
the veins or arteries, and the resulting phenomena have in 
most eases been studied with the assistance pf the hoemodyna- 
mometer. A striking difference in the physiological action 
of these substances, has caused them to.be divided into two 
classes ; thjs one containing salts which destroy the irritability 
of the heart as soop as any blood vitiated by their presehee 
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circulates -in the partitions of this intestine ; and the other 
containing those substances which, without diminishing the 
irritability of the heart, cause death by stopping the blood in 
the lungs, by an influence vvhicli it seems to exercise over the 
capillary system of these orgjRis. These two classes of sub- 
stances, distinct as to their physiological action, arc so also 
with regard to their chemical composition. 

In fact, salts which have soda for a base seem to be the only 
ones which exercise no action on the irritability of the heart, 
whilst those of all other bases, at least all that we have tried, 
stop the contractions of the heart \vhcn they arc introduced 
into the blood in any considerable quantity. 

Our author goes on to say that, if the presence of the salts 
of soda in the blood do not stop the irritability of the heart, 
it determines other perturbations which cause these salts to be 
ranked as the most rapidly fatal poisons. If a solution of one 
of these substances be injected into the jugular vein of a dog, 
the arrival of the blood to the left heart, is hindered in about 
six seconds although the contractions bf this entrail do not 
cease. At the same time the l)lood accumulates in the right 
heart and in the veinous system, producing on the partitions 
of the veins a pressure capable of balancing a column of mer- 
cury two inches in length. This pressure re-acting on the 
sides of the ventricules of the brain, as on all the other parts 
of the veinous system, must produce on Ifee encephale a de- 
gree of compression quite sufficient to accclftit for the sudden 
death which happens, to animals subjected to experiment, 
thirty or forty seconds after the injection of the poison in the 
veins. 

After death the heart still preserves its contractibility ; but 
so powerful is the obstacle which the capillaries of the lyings 
oppose to the passage of these substances over theif calibers, 
that it has sometimes been impossible to fiivl the slightest 
trace of them in Jthe left heart. If the quantity of the salt 
introduced in the vein is not sufficient to completely stop^the 
passage of the blood over the lungs, their action on the 
capillaries is still demonstrated by the augmentation of the 
bronchic secretion, of which the quantity is increased so as to 
cause the animal to perish of 'lethargy after having filled the 
aerial ways. 

The phenomena which follow the injection of the second 
class salts in the veins ate very different from those we have 
described above. The deepest method of studying their 
action, consists in injecting them in the veins of an animal 
whose thorax has previously been opened, and upon which 
ther^ artificial respiration is practiced ; from seven to teri se- 
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conds after the injection, we perceive the movements of the 
heart cease, and the irritability of this entrail so completely 
destroyed, that however small the dose of poison has Tbeen, 
ihc application even of the two poles of the pile, some seconds 
after death, is insufficient to reproduce the contractions of the 
heart. Death does not follow with so much rapidity as when 
the pulmonary circulation is stopped, for we see the sensibility 
aud respiration continue from two to three minutes, after the 
pulsations of the heart have ceased. 


XXI . — Proceedings of the American Philosophical 
Society.^' — November and December y 1839. 

The committee, consisting of Dr. Bache, Dr. Patterson, 
and Mr. Booth, to whom the paper of Doctor Hare, read at 
the last meeting of the society* was referred, entitled, “ Des- 
cription of an Apparatus for deflagrating carburets, phosphu- 
rcts, oi\cyanides, in \acuo, or in an atmosphere of hydrogen, 
between electrodes of charcoal ; with an account of the results 
obtained by these and mother means, especially the isolation 
of calcium, and formation of a new fulminating compound, 
By R. Hare, M. D., Professor of Chemistry in the University 
of Pennsylvania,” reported in favor of publication in the 
Society’s Transactions, The publicfhtion was ordered accord- 
ingly. • 

The apparatus is of a convenient construction for the pur- 
poses designated in the title of the paper. The lower elec- 
trode or cathode is* a parallelopipedon of charcoal, on which 
the body is placed, to be subjected to the influence of one or 
more batteries ; and tubes with *valvc-cocks, communicating 
witfi an«air pump, a barbmeter-gauge, and a reservoir of 
hydrogen, opep into the interior of a ground plate, on which 
a bell-glass is fitted, air tight. In the experiments of the 
author, an equivalent of lime was heated with one equivalent 
and a half of bicyanide of mercury, in a porcelain crucible, 
enclosed in the alembic made for this purpose, and described 
in a former paper. The weight of the residue was such 
as would result from the union of an equivalent of calcium 
with an equivalent of cyanogen. This was then subjected 
to galvanic action on the cathode of the apparatus, the 
anode being brought, in contact with it, and the result 
was the production of masses on the charcoal, having a 
metallic appearance. 

Phosphuret of calcium, exposed in the same manner in the 
galvanic circuit, Jeft pulverulent matter which effervedeed 
VoL. V — No. 26, Augusty 1840. T 
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in water,, and, when rubbed on porcelain, appeared to 
contain metallic spangles, which were rapidly oxidized in 
the air. 

In one experiment, particles of charcoal, apparently fused 
or resembling plumbago, dropped from the anode. 

After heating lime with bicyanide of mercury, the mass 
was dissolved in acetic acid, in which nitrate of mercury pro- 
duced a copious white precipitate, that detonated under the 
hammer like fulminating silver. 


On a New Compound of Deutochloride of Platinum^ Nitric 
Oxidcy and Hydrochloric Acid. By IIenky D. Rogers, 
Professor of Geology in the University of Pennsylvania, 
and Martin II. Boye, Graduate of the University of 
Copenhagen. 

This substance is procured* by dissolving platinum in an 
excess of nitromuriatic acid, and evaporating nearly to dry- 
ness; after which it is treated with aqua regia, freshly prepared, 
from concentrated hydrochloric'' and nitric acids. A little 
water, is afterwards added, drop by, drop, just sufficient t§ 
keep the chloride of platinum dissolved, when the compound 
will remain in the form of a gamboge yellow pow^dcr. It is 
then separated by decanting and filtering; and pressed between 
the folds of bibulous paper, and dried in vacuo over sulphuric 
acid. , 

The precipitate is a yellow, minutely crystalline powder, 
which absorbs water wdth great avidity. It may be preserved, 
without decomposition, in dry air, or in vacuo. It is decom- 
posed by water, alcohol, &c., with extrication of nitric oxide, 
chloride of platinum remaimng in solution. A concentrated 
solution of chloride of platinum haB, however, no action oft it. 
Heated in an atmosphere by hydrogen, it gives, off a large 
amount of chloride of ammonium, leaving i residuum of 
metallic platinum!? ^ 

Analysis — The salt analysed, was prepared and kept in the 
manner described. Heated to the temperature of 212=^ F., it 
does not part with any of its water of combination. For esti- 
mating the amount of platinqm and chlorine, the salt was 
fused with carbonate of potassa, &c., and the platinum, thus 
obtained, wekhed by itself, and the chlorine precipitated from 
the solution Ify nitrate of silver. 

The quantity of nitric oxide was determined by introducing 
a portion of the salt into a graduated tube, inverted over 
mercury, and decomposing it by letting up the requisite pro- 
portion of water. 
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The mean of a series of experiments, varied in different 
ways, gave 

Platinum, - 41.26 per cent. 

Chlorine, - 43.89 “ 

Nitric oxide 4.98 

The above results correspond to five atoms of bichloride 
of platinum ; five atoms of hydrochloric acid, and two atoms 
of nitric oxide, llie water was calculated from the loss, in 
the analysis, to be equivalent to ten atoms. 

Respecting the chemical nature of this compound, it may 
be regarded, cither as a chloride of platinum, with a muri- 
ate of nitric oxide, represented bv the following formula, 
(Pt CP)’ ^ [(Cl II) 4- (NO;")"] + 10 Aq, or as a double 
chlorosalt, a chloroplatinate of nitrogen, with a chloroplatinatc 
of hydrogen, represented by the formula, [(Pt Cl') ‘^-f-N CP]“ 
-f (Pt CP 4- UC1)4.14 Aq. 


Hall of Uie American Philosophical Society, 

• •pHiLADELPiiu, December^ 1839. 

To the Hon, Joel R. "I^oinsett, Secretary of TFar^ ^c. §*c. 

Sir : — The undersigned have been appointed a committee 
of the American PhHosophical Society, to call your attention 
to, and invite, through the medium of your department, co- 
operation in, the extensive system of magnetic and meteoro- 
logical observations about to be made under the dir^tion of 
the British Government, and in connexion with their Antarctic 
expedition, particularly directed towards magnetic investiga- 
tions. 

The science of terrestlal magiwtism has of late years made 
grctit jylvances, through •the instrumentality of Humbolt 
Hanstecn, Gauss and others, and has now reached that point 
where a systefii of combined observations at widely distant 
poults over the surface of the globe, appears to be necessary 
to Its further progress : desultory effort has already done all 
that it is competent to effect. Such a series of systematic 
observations has now been set on foot by the British Govern- 
ment, directed to a better determination of the magnetic lines, 
for the use of navigators, and to the accurate investigation of 
the magnetic elements for theoretical purposes. The objects 
embraced are the measurement of the magnetic Intensity, dip, 
and variation, at different stations, by a ifautical expedition, 
and at fixed observatories, and especially the investigations of 
the variations of these elements at the latter points. As sub- 
sidiary to these objects, combined meteorological observ^ions 



148 Proceedings of the American Philosophical Sovi^ly 

are to be made, >^’hich cannot fail to elucidate some of the 
most important questions in this useful science. 

The magnetic changes to be investigated arc of three kinds : 
first, those which, depending upon a cause not yet satisfac- 
torily explained, take place slowly but regularly, causing a 
general displacement of the lines of equal variation and dip ; 
secondly, those which, depending upon the position of the 
sun, run through their period of change in a year or day, 
producing different values in the magnetic elements, according 
to the season or to the hour of the day ; and thirdly, the small 
disturbances which appear to be constantly taking place, and 
which require for their measurement continued observation 
with the most accurate instruments. 

The striking fact was proved in 1818, by the observations 
of Arago, at Paris, and of M. Kupifer, at Kasan, that the 
large changes which take place in the position* of the horizon- 
tal needle duiing the day, are simultaneous at these places, 
so distant from each other ; and a confirmation of the fact as 
applying to even more distant stations^ resulted from the 
system of observations established by Humboldt and others 
in 1830, and extended, through the influence of the Imperial 
Academy of Sciences of St. Petersburg, to the most remote 
parts of the Russian empire, and even to Pekin. In 1834, 
the celebrated German philosopher Gauss, invented an in- 
strument for measuring the variation of the needle and its 
changes, which introduced into these determinations an ac- 
curacy' similar to that attainable in astronomical measurements. 
This instrument was soon furnished to different observatories, 
and a concerted system of observations of the minute changes 
of variation w^as introduced, which is now going on at no less 
than twenty-three places in, Europe, the smaller and larger 
states having vied with each other ^in providing the means of 
executing them. The stations include Altona, Augsburg, 
Berlin, Bonn, Brunswick, Breda, Breslau, Oussel, Copen- 
hagen, Cracow, Publin, Freybcrg, Gottingen, Greenwich, 
Halle, Kasan, Leipsic, Marburg, Milan, Munich, Naples, 
St. Petersburg, and Upsala, 

The results already obtained and published by the German 
Magnetic Association, have proved satisfactorily that the 
minute changes in the direction of the needle, as well as the 
larger ones, are simultaneous at the different stations, varying 
however in amount, and the variation appearing to decrease 
in passing southward ; but the influence of the position of the 
place, whether depending upon geographical or magnetic 
position^ not having yet been fully determined, and being 
probably determinable only by observations at places even 



November and December^ 1839. 


149 


more distant from each other than those now embr^iced in the 
German series. 

The invention of an instrument by Gauss, for determining 
the changes in horizontal magnetic intensity with the same 
accuracy as those of the direction of the needle, will give rise 
to interesting developments in regard to them ; and the 
changes of the three elements of horizontal direction, and 
horizontal and vertical intensity are all included by the two 
instruments before referred to, and a third invented by Pro- 
fessor Lloyd, of Dublin. It is the object of the series now 
projected, to embrace these three elements ; to extend the 
number of stations with special reference to their distribution 
at points of the earth interesting in their magnetic relations ; 
to keep up a constant series of simultaneous observations for 
three years ; and thus to effect, on an extended scale, what 
the German Magnetic Association has so well begun. The 
execution of this plan, with observations of an appropriate 
kind, directed also to magnetic resc^arch, by a naval expedi- 
tion, was recomnjended to the British Government by the 
members of the British Association, including men of science 
from different countrms, in 1838. It subsequently received 
the sanction of the Royal Society of London, was adopted by 
the Government, and is now in course of execution. It may 
be considered, therefore, to have been approved by the highest 
scientific authorities. In pursuance of this plan, stationary 
observatories arc to be established, and regular observations 
made, for the next three years, at Toronto in Upper TlJanada, 
at St. Helena, at the Cape of Good Hope, and at a station in 
Van Dieman's Land. The East India Company have also 
undertaken to furnish tho means of observation at nine points 
in their dominions. European <jovernments, who have not 
hitherto joined in the German system, with which this will be 
in connexion, have also promised similar aid. It is this ex- 
tended schentb, to whicn our attention has been specially 
invited by circular from tho Royal Society«of London, and iri 
which the American Philosophical Society desires that our 
country should co-operate. It is on a broad scale, worthy of 
all encouragement, and the magnitude of the scheme, the 
objects for which it is undert^iken, and the possibility of its 
execution, all mark the character of the period in which we 
live. 

The Society would propose, in furtherance of this plan, 
that five magnetid^observatories should b8 established in the 
N. E., N. W., S. E., S. W., and at some central point of the 
United States, furnished with the instruments and observers 
necessary, fully to carry out tho proper plan of coml^ined 
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magnetic mid meteorological observations. Should the pro- 
position to make this co-operation truly national, be acceded 
to, the details in relation to it can easily be arranged, and the 
Society will, the undersigned confidently believe, feel proud, 
to lend any aid in their power, in planning or executing them. 
It may perhaps be more satisfactory however, to state briefly, 
beforehand, the nature of tlie observations to be made, and 
the means required for their execution. 

'Fhc magnetic observations to be undertaken at the fixed 
observatories are, first, of tlio variation (declination), absolute 
horizontal intensity and dip ; second, of the changes of the 
variation of the horizontal intensity, and of the vertical inten- 
sity. Tlio regular observations for changes in these elements, 
are to bo made every two hours every dny, (with the exception 
of Sundays,) for the next three years, beginning as soon as 
the several observatories can be arranged. To these are to 
be added more frequent obsci vat ions on one day of each 
month, including the four terms during the year, fixed 
by the German Magnetic Association. • At each station, a 
building of stone or wood will bo'requirtMl, in tho*construction 
of wbich iio iron must be employed. The instruments 
adopted by the British observers arc the following : A mag- 
netometer for the declination, one for the horizontal force, 
one for the vertical force, a dipping needte, azimuthal transit, 
two reading telescopes; and two chronometers. The estimated 
cost of c^ach set of these, is about fourteen hundred dollars. 
The cost of the observatory must vary with the place at which 
it is erected, and the material chosen for it, but may be esti- 
mated at from one thousand to fifteen hundred dollars. One 
principal and three assistants will sufticc for making and 
reducing the observations at each station, and fo!- carrying on 
a supplementary series of'mcteorological obscrvationg. The 
meteorological observations proposed, are on the pressure, 
temperature, and moisture of the air ; on the*direction and 
force of the wind the quantity of rain; on the temperature 
of the ground at diflerent depths ; on solar and terrestrial 
radiation ; besides a few miscellaneous and occasional obser- 
vations, not necessary to be here stated. Regular observations 
are to be made on these points, four times every day, and 
every hour on one day in each month. The instniments 
required at each station, are a barometer, a standard thermo- 
meter, a maximum ^and niinunum thermom^er, a hygrometer, 
an anemometer, several extra thermometcre, an actinometer, 
and an apparatus for atmospheric electricity, llie probable 
cost of each set of these would not exceed two hundred and 
fifty .dollars. The value of the results would be much increased, 
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by providing a sclf-vcgistcriiig anemometer and rain-gauge, 
instead, of the common opes, which would increase the cost 
of each set of instruments to five hundred and seventy dollars. 
The whole cost of erecting the five observatories, and providing 
them with excellent instruments, will probably not exceed 
sixteen thousand dollars ; and if the observatory already 
existing at Philadelphia, and provided with the necessary 
instruments, should be adopted as one of the five, and four 
others be erected and furnished, the expense to the United 
States would not exceed twelve thousand dollars. 

No estimate is made of the cost of the principal and as- 
sistants for the proposed observatories. In the organization 
of the new British stationary observatories, these persons arc 
taken, in part, if not altogether, from the officers, non-com- 
missioned officers, and privates of the artillery. The acquire- 
ments of the graduates of our Military Academy, admirably 
fit them for directing the observatories, which might be appro- 
priately placed at military posts; so as to provide the officers and 
men necessary for nyiking the observations, without additional 
expense. T4ie direction thus given to the views of the com- 
mittee; the fact that you have long been enrolled as a 
member of the American Philosophical Society; and the 
interest which you have always manifested, both as an indi- 
vidual and in a public capacity, in all enterprises calculated to 
shed a lustre upon your country, have induced the Society to 
direct us to address ourselves particularly to you on this 
subject. • 

With the hope that your views may coincide with those of 
the Society, in regard to the plan now presented for your 
consideration, we arc, very respectfully, yours, 

A. D..Bache, " 

JR.. M. Patterson, 

Joseph Henry, Committee. 

J. K. Kane, 

Jos. G. T 0 TTEN 5 

On the Congelation of Wafer by the Evaporation of Ether . 

By Dr. Hare. 

For effecting the congelation of water by the evaporation 
of ether, it had been usual to expose a bulb, containing water 
and moistened by dae ether, to a current of air. •Recently Dr. 
Hare had succe4ibd far more satisfactorily by exposing a 
quantity of water, twenty times as large as that usually em- 
ployed, covered by ether in a capsule to a blast of air, pro- 
ceeding from a vessel in which it had been condensed J&y a 
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ptessure equal to one or two atmospheres. By these means, 
the freezing of the water might be seen by five hundred 
spectators. 

Having mentioned that the pure hyponitrous ether recently 
obtained, caused a cold of 15“ by its evaporation, it would of 
course be inferred, as he had found to be the fact, that this 
last mentioned ether might be advantageously employed. 

When hydric ether is employed, it should not exceed 730 
in specific gravity. % 

Dr. Hare further said, that it would probably be remem- 
bered, that about two years since, lie had published an 
account of a new process for freezing water by the evapora- 
tion of ether, caused by a diminution of atmospheric pressure. 
In the process then described, concentrated sulphuric acid 
was interposed between the retort holding the water and ether, 
and the air pump. Since that time he had rendered the pro- 
cess more rapid and interesting by interposing an iron mercury 
bottle, with two cocks between the receiver holding the acid 
and the pump. The ether and water wer^^ introduced into the 
retort. The beak of the retort^ properly bent, entered the 
receiver, through the tubulure to which it was luted. The 
beak was of such a length and curvature, as to cause its ori- 
fice to be below the surface of the acid. The neck of the 
receiver communicated with the cavity of the bottle, that of 
the bottle with the pump. The apparatus being thus arranged, 
the bottle was exhausted, and the cock, communicating with 
the puntp, closed. Under these circumstances, on opening 
a communication betw^een the bottle and receiver, the pressure 
in that vessel and in the retort was so much reduced as to 
cause the instantaneous ebullition of the ether, so that little, 
if any subsequent aid, was required from the pump. But the 
result which gave increased intercut to the process, was the 
inconceivable rapidity with which the acid, under tliese cir- 
cumstances, absorbed the ethereal vapor, which it appeared 
to do with greater lavidity as the process advanced. 

In fact, the water, in the act of congealing, flew all over 
the inner surface of the retort, in consequence of an explosive 
evolution of ethereal vapor, generated amid the aqueous 
particles. The congelation of the water was rendered evident 
to the cars as well to the eyes ot his class of more than three 
hundred students. 

. Dr.^ Hare kaid, it ^d not appear to Ijjpi that sufficient 
attention bad been* paiiSl by artists or menK science, to the 
great difierence which existed between the effect upon glass 
of heating it b^adiation and hy conduction. When exposed 
to ra^ant heat^one, unaccompanied by flame, ora curfent 
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of hot air, glass is readily penetrated by it, and. is heated, 
within and without, with commensurate rapidity ; but in the 
case of its exposure to an incandescent vapour or gaS, the 
caloric could only penetrate by the process of conduction ; 
and, consequently, from the inferior conducting power*of glass, 
the temperature of the outer and inner portions of the mass 
would be so diflFerent, as by the consequent inequality of ex- 
pansion to cause the fracture, which was well known, under 
such circumstances, to ensue. 

The combustion of anthracite coal, in an open grate, in his 
laboratory, having four flues of about 4.12 by 2.12 inches 
eacli, in area, just above the level of the grate (the upper 
stratum of the Are, having nothing between it and tne ceiling,) 
bad allowed him to perform some operations with success, 
which formerly, he w^ould have considered impracticable. The 
fire having attained to that state of incandescence to which 
it easily arrives when well managed, he had, on opening a 
hole by means of an iron rod, so as to have a perpendicular 
perforation extending to the bottom of the fire, repeatedly 
fused the bc&ks of retorts 6f any capacity, not being more 
than three gallons, causing them to draw out, by the force of 
gravity, into a tapering tube ; so that, on lifting the beak 
from the fire, and holding the body of the retort upright, the 
fused portion woul(f hang down so as to form an angle with 
the rest of the beak, or to have any desired obliquity. By 
these means, in a series of retorts, the beak of the first might 
be made to descend through the tubulure of a second ; the 
beak of the second through that of a third, and so on ; the beak 
of the last retort in the row being made, when requisite, to enter 
a tube passing through ice and water in an inverted bell-glass. 

By means of the anthracite fire, as above described, thick 
rods, well as stout tabes, might, as he had found, be 
softened and extended, or bent into suitable forms. 

The lower* end of a green glass phial, such as is used 
us*>ally for Cologne water, might be mad^ to draw out into a 
trumpet-shaped extremity. A Florence flask might be heated, 
and made flat, so as to answer better for some purposes. 
The drawing out of tubes into a tapering form, suitable for 
introducing liquids through setort tubulures, was thus easily 
effected ; and m all cases the sealing of large tubes was better 


commenced in this way, although the blowjjipe might be 
necessary to close' a capillary opening which could not be 
closed W the fireT 

Dr. Hare further communicated a method of preparing 
pure chlorohydric acid, from the impure muriatic acid ot com- 
merce, by the action of sulphuric acid. % 

VoL. V. — No.«2^, August^ 1840. U 
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It is known, said Dr. Hare, that concentrated sulphuric 
acid, when added to liquid ehlorohydric acid, expels more or 
less of it as a gas, in consequence of its superior affinity for 
water. At the present low price of the ordinary acid of com- 
merce, Dr. Hare had found it advantageous to procure the 
latter in purity, hy subjecting it to the former. 

A tubulated glass retort, luaving been half filled with chlo- 
Tohydric acid, sulphuric acid was allowed to drop from a glass 
funnel, with a cock, into a tube descending into the acid in 
the retort tlirough the tubulure, to which it was luted bv strips 
of gum-elastic. The tube terminated in a very small bore. 
The beak of the retort, bent in the fire, as he had just 
described, descended through the tubulure into the body of a 
small retort containing water not refrigerated. The beak of 
the latter descended into a larger one, half full of water, to 
w hich ice w’as .applied. Of course the beak of the third might, 
in like manner, enter the body of a fourth. After an equi- 
valent weight of sulphuric acid had been introduced, and the 
evolution of gas was no longer sufficiently active, heat might 
be applied until nearly all the ehlorohydric acid should come 
over. 

The residual diluted sulphuric acid was, with the addition 
of nitrate of soda or potassa, or nitric acid, as serviceable 
for galvanic purposes, as if it had not been thus used. 

Dr. Hare farther communicated a method of 2 )reparing 
hydrochloric acid and chlorine in the self-regulating reservoir 
invented by him, and spoke of some of the ai)plications of 
the gases thus prepared. * 

Dr. Hare was under the impression that few chemists were 
aware of the great advantage of the self-regulating reservoirs 
of gas, to which he had resorted. lie was enabled, by niejns 
of them, to keep hydrogen, carbonic acid, nitric oxide, chlo- 
rine, ehlorohydric acid, sulphydric acid, and t arseniuretted 
hydrogen, so as to use any of these gaSes at pleasure. He 
had kept these reservoirs in operation for months, without 
taking the constituent vessels apart. 

By means of the reservoir of ehlorohydric acid he had been 
encouraged to make an effort which proved successful ; to 
form artificial camphor by the impregnation of oil of turpentine 
with that gas. 

Subjecting fin in^ot of tin to a current of chlorine from his 
reservoir, it was rapidly converted into the bichloride, or fuming 
liquor of Libavius. To bis surprise the ingot was fused by 
the heat generated. In the last mentioned reservoir, the mar 
terials were manganese, in lumps, and concentrated chloro- 
hydric acid, diluted sulphuric acidbein^ al?o introduced ; as 
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^0 reaction of this last mentioned acid with th^ manganese 
was more active than that of the chlorohydric acid. I.n fact, 
sidi)huric acid, diluted with its weight of water and common 
salt, might be n&cd without chlorohydric acid. In Ihe reser- 
voir for chlorohydric acid, the materials were sal ammoniac 
and sulphuric acid, to which some w-ater was added, but not 
so much as to prevent the chlorohydric acid from assuming 
the gaseous stare, 

lie had found it preferable to keep the sulphydric acid 
reservoir in a flue, the gas being drawn, wdien wanted, through 
a globe of water, by means of a leaden tube, at a convenient 
place. ’ It would be desirable that the reservoirs of chlorine 
and clilorohydric acid should be similarly situated. 


XXIL— MISCELLANEOUS ARTICLES. 

IfWck of ihe Royal George,'"'* 

’nu'f grcait explosion announced on the Ithh instant took 
place on the 2’2nd, being the same day, and v(jry little later 
than the hour stated. * The effect was beautiful, and the in- 
tention of tiring it having been generally known, it was wit- 
nessed by a vast iiiunbcv of spectators, notwithstanding that it 
blew a stiff breeze, which deteiTcd many from going out to 
Spithoad. The morning was very fine, but doubts were enter- 
tained whether the high wind might not prevent the tiperatioii, 
until eight o’clock, when the red ffag w^as hoisted from all the 
Royal ®eorge flotilla — namely, the Success frigate hulk, and 
the tw'o lumps usually moored over the wreck, one of wiiich, 
No. 4, was removed about GO yayds to the wTstward, w hilst tlie 
otlicr remained over the ^pot intended for the explosion. As 
soon a# these flags were seen, it was know that the operation 
would be attempted, at the afternoon slack. In the mean 
time, Lieut, Symonds, the executive engineer, according to 
a^plan preconcerted betw^een him and Colonel Pasley, sent 
down Mr. George Hall, the diver, wiio placed first a charge of 
471b., and afterwards another of 2601b. of pow'der, on the spot 
originally occupied by the main hatchway on the orlop deck, 
which were fired successi\'ely by Professor Danicll’s voltaic 
battery, as soon as he came up, the second charge being placed 
in the hole made by the first. The object of these charges, 
which were fired at the morning slack, was to make a de.'p 
crater or hole for the great charge proposed t o be fired at the 
afternoon slack. Colonel Pasley came out about one o’clock, 
and at half-past one the great cylinder, loaded with 
barrels, or nearly 2,3001b. of gunpowder, with tJie voltaic con* 
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ducting aj)paratus attached to it, was raised out of a launch 
alongside by the derrick of No. 5, lump, and lowered into the 
water so as to rest a little above the suriace, where it remained 
suspended by the bull-rope of the denick. Hall was then 
sent down, and made fast a down haul rope with a single 
sheave block to a solid piece of timber, which he found at the 
bottom of tlie crater [nodiiced by the morning’s explosion. 
He came up, and hainh'd over the end of this roj)C, which was 
attached to the cylinder, to which a couple of pigs of ballast 
were added, to make it sink more easily ; after which it was 
lowered from No. 5 lump, and accompanied in its descent by 
Hall, who had a line attached to it in his hand, and who made 
.signals to the men above, either to lower or occasionally to 
raise, or to move the cylinder to the eastward or westward, as 
required, until he ‘ guided it into its proper place, wdiere he 
lashed it to the timber before-mentioned. At about a qiuu'ter 
past tw'o o’clock be came uj>, and reported that it was properly 
placed. Whilst being lowered, the voltaic conducting a])pa- 
ratus attached to the cylinder w-as veered out, and th6 otlier 
end of it was taken on board No, 4 lump, and placed near the 
voltaic batteiy, where Lieutenant Symondsnow stationed him- 
self. No. 5 lump w'as then removed to tlie distance of 70 or 
80 yards to the soutliward of the spot where the cylinder 
had been let down. All being now ready, Colonel Fasley, 
who remained in that lump, ordered his bugler first to sound 
the preparative,” and in about a minute afterwards “ the 
fire.” At that moment Lieut. Syinonds completed the circuit 
with the voltaic baitervj and an immediate explo.'iton took 
place, the shock being I’elt and the report heard at the same 
instant. In a few seconds affenvards the suriace ro.se three or 
four feet in a circle of moderate .size, from the center of which 
almost immediately afterwMrds, a splendid column of Water at 
least 60 feet high, and of a conical form, wTiS throwm up, 
beautifully sptirkling in the sun, which was hailed by the 
hearty cheers of all the workmen employed, as well as the lili- 
merous spectators, and soon after several large fragments of the 
wreck came lloating up to the surface, which proved to be the 
lower part of the miun-mast. Tlie fonn of the column of 
water was n(it so regular as on former occasions, owing to the 
strong wind which acted upon it. When it fell dowm again, 
ctear circular Waves spread outwards from the same centre, 
making a great commotion at the surface, and causing No. 4 
lamp, which was nearest to the explosion, to pitch a good deal. 
Soon after tins the mud from the bottom came up, blackening 
the same circle of water, which spread outwards, discoloring 
the surfece as it extended, and at the same ptime stilling the 
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swell of the sea for a space of perhaps 200 yards in diameter, 
A great number of small fish came up dead, As on fonner 
occasions, which were picked up by the boatmen. More than 
50 yachts or large sailing boats came out, whose de?;ks were 
covered with spectators, among whom were a great number of 
ladies. The tw’o admirals and the general commanding the gar- 
rison, with a great number of naval and military officers, and 
most of the officers of the dockyard,# with their families, were 
present, many of whom went on board the tw o lumps to have a 
better view of the operations. The dock of the Success frigate 
was also crowded with sjmetators. The Bishop of Nonvich, 
the Astronomer Iloyal, and the Russian Consul-General were 
present. 

The cylinder used on the 22nd was of wood with iron hoops, 
like a mooring buoy, made by Mr. Harding, the master capstan 
maker, in Chatham dockyard^ and protected by two coats of 
canvass and several coats of a w^aterproof composition discovered 
by Sergeant-Major ^Jonos, which by numerous experiments 
tried to compare it with »thcr compositions, by order of 
Colonel Paslcy, Was found to be for superior to any in former 
use, as it combines absolute resistance to the greatest pressure 
of water with a certain degree of elasticity that does not allow 
it to crack. This skilful and zealous officer and a party of 
Royal sappers and minors have been most useful in all the 
operations, and since one of the three excellent professional 
divers engaged was obliged to give up on account of fll-health, 
Corporal Harris has supplied his place, and made himself 
much more useful in diat capacity than could have been ex- 
pected from so short an apprenticeship, for he has only worked 
tw^o weeks in this department. Besides the divers, wffiose ser- 
vices are of the most essential importance, the dockyard rig- 
gers under Mr. Clewdtt, of Portsmouth, and James Chapman, of 
Chatliam yard, have given the greatest satisfaction, as well as 
the naval pensioners, about 40 in uumber^most of whom w^erc 
petty officers, and who, though all middle-aged or elderly men, 
have been extremely zealous and efficient. The Lively sailing 
lighter, commanded by Mr, Harfield, goes backwards and for- 
wards continually, and the seamen belonging to her are kept 
in constant employment in faking on board or landing the 
timbers and guns recovered from the wreck, of the former of 
wliich an immense pile has been deposited in Poftsraouth dock- 
yard. The whole is superintended by lAeut. Symonds writh 
great skill and iiidefotigablc activity, who ciurries on tlie wwk 
at every slack tide, except when it blows a gale approacliing 
to a hurricane^ that is, always twice, and sometimes three times, 
a day, accordinjj[«to the moon's age, and never goes onshore 
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but on Sundays. Col. Pasley usuallv {;oes out to Spithead 
once .a day, except wlicu liis duty requires biin at Chatliaiu, 
where he passes about hrdt his time. The massy oah limbers 
upon which the foremast and mizenmast were, stepped, the 
after-])art of the keel, the v.h(de stenipost and (h'ad wood over 
it, and an iinmmise mass of the starboard how, which rested on 
the keel, weifj^liiiifj^ more than tons, and whicli was knocked 
down about eip^lit montlui by the last i»reat explosion of 
IS39, havint^ been f!;’ot up tijis season, together with the heel 
of the mainmast having; been disenga^o'd from its step by the 
great explosion wliicli wc have just <lcseril) 0 {l — tbosi* circum- 
stances sbev/ that the deinolition and removal of wreck have 
extended nearly to the bottom of the vessel, and also ])rove 
that the nmd lias no teiidciicv to accumulate, but is cleared 
away by the action of the tides, in projiortioii as the upjier 
parts of the i\reck are demolislied and removed. Ihe effect 
of the last exidosion could not be ascertained, as the tide ran 
too strong for Hall, the diver, who went down again nfti'V it, 
to quit hi> ladder, hut it is prosuHied that it will have blown 
out the larboard side of the wreck, and that it will have broken 
u]) timbers in all directions, probably fracturing not only tlie step 
of the niainmixst, but the kelson and k(‘el below it. The star- 
board side oppo.site was shattered and thrown down by the first 
great explosion of 183.9. Upon the whole, though o])inions 
were very much dividcul at first, anrl perhaps generally imfa- 
vorahle, diere seems every reason to liojie, that liofore the end 
of tlie season tlic whole of the wreck ot the Royal George will 
have been sufficiently removed to enaldc vessels to anchor over 
the spot without incurring the risk of losing their anchors and 
cables. If so, prohahlv the/iovennii(*nt maybe induced to 
remove the wreck of’ the Edgar also, from wliich Lieut. Syinopds 
recovered five iron guns during Col. Paslcy’s last oflicial visit 
to Chatliain, the surface of which, after an imraersion of 129 
years, proved to converted into very soft carburet of iron 
or plumbago to a considerable depth, on removing the masfe of 
oysters, &c., with which they were inernsted. These guns are 
renotarkable for being much thicker at the breech and thinner 
at the muzzle than guns of tlic same calibre of more modern 
conslmction, from which the iron guns recovered from the 
Royal George differ veiy little. 

The Atmospheric Railway Carriages. 

It is upwards of a year and a half since we described tbd 
experiment made by Mr. Clegg, in the borough, on the mode, 
of pfopelling carriages by means of exhausting a pipe, or tube. 
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with which the carriages were connected, and theh admitting 
the atmospheric air, and, as it were, forcing the carriages or 
train along, and thus superseding the necessity of gas or any 
other power for the conveyance of a train along a railor tram- 
road. These experiments were very successful ; indeed, so 
successful, that few persons had any doubt about the ultimate 
success of the principle of the invention. On Thursday the 
experiments were exhibited on a large scale, on a railroad 
which connects, or is intended to connect, the line of the Bir- 
mingham, the Bristol, and the Thames Junction Lines, com- 
mencing withifi a short distance of Shepherd’s Bush, and 
running in a westerly direction for about three quarters of a 
mile, 'riie carriage put in motion, with the persons on it, 
did not weigh much less than 12 tons; but it travelled with 
great ease at the rate of 25 miles an hour. The exhaustion 
pipe, or tube, laid down, which was not the propelling agent, 
but the means of development, w^as about 9 inches indiametcr. 
The engine by w'hioh it w^as exhausted — namely, a pump, 
worked by s^cam— rendcred^it fit for the operations required 
in about two minntes and a half; and from the index, that is 
quicksilver, employed "at the termini^ it was ascertained that 
the operation was performed simultaneously at both ends of 
the line. There wqs no noise, no smoke, and, what is better, 
no danger of explosion, or of a power which could not be 
governed. In short, the experiment was as successful as its 
most warm well-wishers could expect, and shewed •that the 
agency of steam is not a sine qua non on a railroad. Without 
going into the minute history of railroads, it may be as well 
to say, that this power may be applied to any railroad at a 
saving of about 70 per cent. ; and that it is of sufficient force 
to preclude the necessity of tunnelling.. It is applicable to 
almost any gradients. Tfie experiments were attefided by a 
great number# of the nobility, and by many., scientific men. 
The Archbishop of Canterbury, Lords Charleville, Rodstock, 
anti Priidhoe, the Marquis of Douro, Lor3 Howick, and Lord 
Stuart dc llothsay, &c. were on the ground, and expressed 
their satisfaction at the result of the experiments.--- 2'imes. 


Frog found in Coal, 

On Wednesday morning, as two colliers, George Ross and 
James Gardner, were in one of the rooms of the Old Muir- 
field Pit, at Gargieston, they found a living frog embodied in 
the solid seam of coal, at least twelve fathoms beneath the 
surface of the earth. nich in which it had lived was 

perfectly smoothdnside, of tiie exact shape of the froj^ and 
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without a crack or crevice to give admittance to air. The 
hind legs of the animal are at least a third longer than usual, 
the fore legs shorter, the toes longer and harder, and its gene- 
ral coloiir 18 of a bronze hue. It leaped briskly about, the 
moment that it was excavated from its narrow cell. How 
many centuries it has been shut out from light and air, and 
entombed in its dreary dormitory, it is impossible to say — cer- 
tain it is, that, although diminutive in form, and with great 
brilliancy of eye, it has a most antediluvian aspect . — Scotch 
paper. 


On the separation of Lime from Magnesia, and on the Assay 
of Gold. By Lewis Thompson, Esq. M. R. C,-S. 

To separate Lime from Magnesia. 

Dissolve the combined earths in dilute nitric or muriatic 
acid, and precipitate the Altered solution by means of an excess 
of carbonate of soda; dry the precipitate, and place it in a 
coated green glass tube, so disposed that the whole' can be 
heated to a duu red heat ; when red hot pass a current of 
well-washe 4 chlipgrine through the tube for a few minutes : the 
lime will be q^vected in^o chloride of calcium, but the mag- 
nesia remains unacted upon. When ^e whole is cool, remove 
the mass from the tube, and boil it for a minute or two in 
water, filter the, liquid and wa^ the insoluble portion (which 
is mi^nd^), with water, and p^cipitate the lime from the 
^E^fl^quqrs by c^bonate'of soda.. The heat should not 
ekceedi’' a dttir^, as the mass is iq>t to become vitrified at 
the part which tqueh^ -the tube, and this renders it difficult 
to remove j^e eights.' 

Assay (^otd. 

Take six grmns of. the ^Idt to'be assayed knd plwe in a 
email cmeibl^.witk fifteen grtdna of silver, and from eigh^. to 
twelve. grmnSW^li^^of silver, .accorifing to die supposed' 
ismurityjof .thegoltitf Jptly add fif^ gtains df common salt 
fc^rfde pflo 4 ^''>% ^^' 4 ^ to ^fod powder so ttk to prevent 
qecreintatuin ; fuselSie ^t^e tokother^fisr five minutes, and 
idldw it to bcjcpme ^df then" t«ke put the mehdlic button 
and beat it t^ a^iirpitey and subjeefit.to the action of 
^dw^'nttric acid is in the ordma^ moito of piurting. By this 

<d.ot^eIUtioB is ;^ thp baser 
metal<^;e^« wholly retnot^ed by^. the i^rine of silvim, and 
Jthek jplih^ supplied by puto sfiver, . ^ ^ . 
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l6l0. The latter experiments (iSOg.) may therefore be consi- 
dered as failing to give tlie hoped-for proof, but I have much con- 
fidence in the former (1 605. b608.), and in the considerations 
(l603.) connected with them. If I have rightly viewed them, 
and we may be allowed to relate the currents at points and surfaces 
in such extremely dlfiferent bodies as air and the metals, and admit 
that they are effect of the same kind, differing only in degree and 
in proportion to the insujyiung or cfmdxxd&hjs^ power of tl)e dielec- 
tric used, what great ad^tional argument we obtain in favour of 
that theory, which in Bie-phopomena gf insulation and conduction 
also, as iti theses, ibe sante apparently dissimilar sub- 

VoL V.--No; kOi iVWcmfcer, 1840. .2 S 


llxpi rimoUal Resianfies in Rlcvfricitij- 

stances together lc>()l.); and liow completely .the geiier tl 

view, which refers all the phenomena to tile direct action of the 
molecules of matter, seems to embrace the various isolated pheno- 
mena as they successively come under consideration ! 

Kil 1. The connection of this convective or carrying effect, which 
depends upon a certain degree of insulation, with conduction ; i. e. 
the occurrence of both in so many of the substances referred to, 
as, for instance, the metals, water, air, &e\, would lead to many 
very curious theoretical generalizations, whicli 1 must not indulge 
in here. One point, however, I shall venture to refer to. Con- 
duction appo;n\s to he essentially an action of contiguous particles, 
anti the considerations just stated, togctlier with others formerly 
exju-essed 133b, \c.), lead to the conclusion, that all bodies 

conduct, and by the same process, air as well as metals ; the only 
difference being in the necessary degree offeree or tension between 
tile particles whicli must exist before tlie act of conduction or 
transfer from one particle to another Ctan take place. 

1()12. The (piestion then arises, what is tliis limiting condition 
which separates, as it were, conduction and, insulation from eaeli 
other ? Does it consist in a differei.ce between the two contiguous 
particles, or the contiguous poles ox these particles in tlic nature 
and amount of positive and negative force, no com muni cation or 
discharge occurring unless that difference rises up to a certain 
degree, variable for different bodies, Imt always the same lor the 
same body ? Or is it true that, however .small the difference be- 
tween two such particles, if /nwc be allowed, equalization of force 
will take place, even with the particles of such bodies as air, sul- 
phur or lae ? In the first ease, insulating power in any particular 
bofly would be proportionate to the degree of the assumed necessary 
difference offeree; in the second, to the time required to equalize 
equal degrees of difference in different bodies. With regard to 
airs, one is almost led to expect a permanent difference of force, 
but in all other bodies, time seems to be quite sufficient to ensure, 
ultimately, complete comiuction. I'hc difference in the modes by 
which insulation may be sustained, or conduction i^ffected, is not a 
mere fanciful point, but one of great importance, as being essentially 
connected with the molecular theory of induction, and the 
in which the particles of bodies assume and retain their polarized 
state. 


^ xi. Jidatim of a vacuum to clech ical phenmnvnu, 

l6i3. It w*uuld seem strange if a theory which refers all the 
phenomena of insulation and conduction, i. e. all electrical pheno- 
mena, to the action of contiguous particles, were to omit to notice 
the assumed possible case of a vacuum. Admitting tliat a vacuum 
can be produced, it would be a very curious m.'ittcr indeed to 
knov»^ wliat its relation to electrical phenomena would be ; and as 
shell-lac and metal are <lireclly opposed to ea^h^ other, whether a 
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vacuum would he opposed to tliem both, and allow neither of in- 
duction or conduction across it. Mr. Morgan* has said that a 
vacuum does not conduct. Sir H. Davy concluded from his in- 
vestigations, that as perfect a vacuum as could bo madet did 
conduct, but docs not consider the prepared spaces wJiich lie used 
as absolute vacua. In such experiments I think T luive observed 
the luminous discharge to be piincipally on the inner surface ol 
the g^ass ; and it does not appear at all unlikely, that, if tlie 
vacuum refused to conduct, still the surface of glass next it might 
carry on that action. 

Hi 14. At one time, when I thought inductive force was exerted 
in right lines, I hoped to illustrate this important question by mak- 
ing expeiriments on induction with metallic mirrors (used only as 
conducting vessels) exposed towards a very clear sky at night time, 
and of such concavity that notliing but the hnnanent could be visible 
from the lowest part of the concave fig. Q(), plate iii. Such mirrors, 
when electrified, as by connection with a Leyden jai^ and examined 
by a carrier ball, readily gave electricity at the lowest part of their 
concavity if in a room ; but I was in hopes of finding that, circum- 
stanced as before spited, they would give little or none at the same 
spot, if the atmosphere above reially terminated in a vacuum. I was 
disappointed in the conclusion, for I obtained as much electricity 
there as before ; but on discovering the action of induction in curved 
lines (Lial.), found a full and satisfactory explanation of the result. 

1 (JLO. My theory, far as I have ventured it, does not pretend to 
decide upon the consequences of a vacuum. It is not at present 
limited sufficiently, or rendered precise enough, cither by experi- 
ments relating to s]iaces void of matter, or those of othcr^kinds, to 
indicate what would happen in the vacuum case. T have only as 
yet endeavoured to establish, what all the facts seem to prove, that 
when electrical phenomena, as those of induction, conduction, in- 
sulation and discharge occur, they depend on, and are produced by 
the action of contiguous particles ofanatter, tlie next existing particle 
beifig considered as the contiguous one ; and I have further assumed, 
that these particles arc polarized ; that each exhibits the two forces, 
or the for«e in^wo directions (1295. 1298.) ; and that they act at 
a distance only lyr acting on the contiguous and intermediate par- 

* * 

‘ 1616. But assuming that a perfect vacuum were to intervene 
in the course of the lines of inductive action ('I.S04.), it does not 
follow from this theory, that the particles on opposite sides of such 
a vacuum could not act on eack other. Suppose it possible for a 
positively electrified particle to be in the centre of a vacuum an inch 
in diameter, nothing in my present views forbids |hat the particle 
should act at the distance of half an inch on all the particles form- 
ing the inner superfices of the bounding sphere, and wdth a force 
consistent with the well-known law of the squares of the distance. 
But suppose the sphere of an inch were full of insulating matter, 

, • PhiloaophictU 'fran^actioii^, p. ‘ Ibid. P- ^ U 
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the electrified particle would not then, according to my notion, act 
directly on the distant particles, but on those in immediate associa- 
tion with it, employing all its power in polarizing them ; producing 
in them negative force equal in amount to its own positive force and 
directed towards the latter, and positive force of equal amount di- 
rected outwards and acting in the same manner upon the layer of 
particles next in succession. So that ultimately, those particles in 
the surface of a spliere of half an inch radius, which were acted on 
directly when that sphere w'as a vacuum, will now be acted on 
indirectly as res})ects the central particle or source of action, i. e, 
they will be polarized in the same way, and with the same amount 
of force. 


§ 19. N III lire ihc electric current. 

IfjlT. The Mord current h i^o expressive in common language, 
that when a})plied in the consideration of electrical phenomena we 
can hardly divest it sufficiently of its meaning, or prevent our minds 
I’rom being prejudiced by it (28, ‘1. 511.). 1 shall use it in its com- 

mon electrical sense, namely, to express generally a certain condi- 
tion and relation of electrical foices 'supposed to be in* progression. 

16 ’ 1 8 . A current is produced both by excitement and discharge ; 
and whatsoever the variation of tlie two general cau»es may be, the 
effect remains the same. Thus excitement may occur in many 
ways, as by friction, chemical action, influence of heat, change of 
condition, induction, &c. ; and discharge has the forms of conduc- 
tion, electrolyzation, disruptive discharge, and convection ; yet the 
current connected witli these actions, when it occurs, appears in all 
cases to be the same. This constancy in the character of the current, 
notwithstanding the particular and great. variations which may be 
made in the mode of its occurrence, is exceedingly striking and im- 
portant ; and its investigation and development promise to supply 
the most open and advantageous road to a true and intimate un- 
derstanding of the nature of electrical' forces. ^ 

1619, As yet the phenomena of the current liave p'resented 
nothing in opposition to the view I have taken (ff the nature of 
induction as an action of contiguous particles. 1 have endeavoured 
to divest myself of prejudices and to look for contradictions, 

« have not perceived any in conductive, electrolytic, convective, or 
disruptive discharge. 

1620 . fmoking at the current as»a cause, it exerts very extraor- 
dinary and diverse powers, not only in its course and on the bodies 
in which it exists, but collaterally, as in inductive or magnetic 
phenoracDH. 

lf) 21 . Electrolytic action . — One of its direct actions is the exer- 
tion of pure chemical force, this being a result which has now been 
examined to 'a considerable extent. The effect is found to be 
constant and definite for the quantity of electric force disdi^ged 
(78.9, kc.) beyond that, the hi/miV;/ rei^uired is in relation 





By Dr. Faraday. 

to the intensity of the affinity or forces to be overcome (904. go6. 
911.). The current and its consequences are here proportionate; 
the one may be employed to represent the other ; no part of the 
effect of either is lost or gained ; so that the case is a strict one, 
and yet it is tlie very case which most strikingly illustrates the 
doctrine that induction is an action of contiguous particles (1164. 
1343.). 

1622, The process of electrolytic discharge appears to me to be 
in close analogy, and perhaps in its nature identical with another 
process of discharge, which at first seems very different from it, 
I mean convection. In the latter case the particles may travel for 
yards across a chamber ; they may produce strong winds in the 
air, so as to move machinery ; and in fluids, as oil of turpentine, 
may even .shake the hand, and carry heavy metallic bodies about 
and yet I do not see that the force, either in kind or action, is at 
all different to that by which a particle of hydrogen leaves one 
particle of oxygen to go to another, or by which a particle of 
oxygen travels in the contrary direction. 

1623. Travelling particles of the air can effect chemical changes 
just as well as the.contact of a fixed platina electrode, or that of a 
combirfing electrode, or ions of^a decomposing electrolyte (453.471 ); 
and in the experiment formerly described, where eight places of 
decomposition were refTtTered active by one current (46.9.), and 
where charged particles of ‘air in motion were the only electrical 
means of connecting; these parts of the current, it seems to me that 
the action of the particles of the electrolyte and of the air were 
essentially the same. A particle of air was rendered positive ; it 
travelled in a certain determinate direction, and coming an elec- 
trolyte, communicated its powers ; an equal amount of positive 
force was accordingly acquired by another particle (the hydrogen), 
and the latter, so charged7travellcd as the former did, and in the satne 
direction, until it came to another particle, and transferred its power 
and motion, making that other particle active. Now, though the 
piirticle of air travelled ove]» a visible and occasionally a large space, 
whilst tlie particle of the electrolyte moved over an exceedingly 
small one ; tiTough the air particle might be oxygen, nitrogen, or 
hydrogen, receiying its charge from force of higMntensity, whilst 

•ij^tjU^lectrolytic particle of hydrogen had a natural aptness to receive 
the positive condition with extreme facility ; though the air particle 
might be charged with very little electricity at a very high intensity 
by one process, whilst the hydrogen particle might be charged with 
much electricity at a very low* intensity by another process; these 
are not differences of kind, as r^ates to the final discharging action 
of these particles, but only of degree ; not essential differences which 
make thiiigs unlike, but such differences as give to things, similiar 

, , * If a metallic vessel three or four inches deep, containing oil of turpentine, 
be insalated and elocitrified,- and a rod with a ball ^au inch or more in diameter) 
: at the end, have the ball immersed in the duid whilst the end is hold in the 
faiBiiDd, the mechanical force generated when the ball is moved to and {|rom the 
stdes of the teasel 1*® evident to the cxperimentei'. 
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the electrifie^l particle would not theiij according to my notion, act 
directly on the distant particles, but on those in immediate associa- 
tion with it, employing all its power in polarizing them ; producing 
in them negative force ecjual in amount to its own positive force and 
directed towards the latter, and positive force of equal amount di- 
rected outwards and acting in tlie same manner u))on the layer of 
particles next in succession. So that ultimately, those particles in 
the sufface of a sphere of half an inch radius, which were acted on 
directly when that sphere was a vacuum, will now be acted on 
indirectly as respects the central particle or source of action, i. c. 
they will be polarized in the same way, and with the same amount 
of force. 


§ IJ). Nature of the ehdric current. 

iGl7. The word enrreni is so expressive in common language, 
that when a])plied in the consideration of electrical phenomena w'e 
can hardly divest it sufficiently of its meaning, or prevent ourim'ndb 
from being prejudiced by it (‘2S5. 51 1.). 1 shall use it in its com- 

mon electrical sense, namely, to express generally a certain condi- 
tion and relation of electrical foiccsv^upposed to be in progtession. 

If) 18. A current is produced both by excitement and discharge ; 
and whatsoever the variation of the two j^neral causes may be, the 
effect remains the same. Thus excitement may occur in many 
ways, as by friction, chemical action, influence of heat, change of 
condition, induction, &c. ; and discharge has the forms of conduc- 
tion, electrolyzation, disruptive discharge, and convection ; yet the 
current connected with these actions, when it occurs, appears in all 
cases to l)e the same. This constancy in the cliaracter of tlic curi’ent, 
notwithstanding the particular and great variations wdiich may be 
made in the mode of its occurrence, is exceedingly striking and im- 
portant ; and its investigation and development promise to supply 
the most open and advantageous road to a true and intimate un- 
derstanding of the nature of elcctricaUforccs. *■ 

iGlD, As yet the phenomena of the current have presented 
nothing in opposition to the view I have taken df the nature of 
induction as an action of contiguous particles. 1 have endeavoured 
to divest myself of prejudices and to look for contradictions, 

F have not perceived any in conductive, electrolytic, convective, or 
disruptive discharge. 

1620. Looking at the current asra causey it exerts very extraor- 
dinary and diverse powers, not only in its course and on the bodies 
in which it exists, but collateralfy, as in inductive or magnetic 
plienomena. 

1621. Electrolytic aciiait . — One of its direct actions i$ the exer- 
tion of pure chemical force, this being a result which has now been 
examined to *a considerable extent. The effect is found to 
constant and definite for the quantity of electric force discharged 

fcc.) ; and beyond that, the intensity re^ujred is in relation 
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to the intensity of the afKnity or forces to be overcome (OO't. 906. 
91 1.). The current and its consequences are here proportionate; 
the one may be employed to represent the other ; no part of the 
effect of either is lost or gained ; so that the case is a strict one, 
and yet it is the very case which most strikingly illustrates the 
doctrine that induction is an action of contiguous particles (1164. 

1343 .)* 

1622. The process of electrolytic discharge appears to me to be 
in close analogy, and perhaps in its nature identical with another 
process of discharge, which at first seems very different from it, 
I mean convection. In the latter case the particles may travel for 
yards across a chamber ; they may produce strong winds in the 
air, so as to move machinery ; and in fiuids, as oil of turpentine, 
may even shake the hand, and carry heavy metallic bodies about ;* 
and yet I do not see that tlie force, either in kind or action, is at 
all different to tliat by which a particle of hydrogen leaves one 
particle of oxygen to go to another, or by which a particle of 
oxygen travels in the contrary direction. 

1623. Travelling particles of the air can effect chemical changes 
just as well as thc.contact of a fixed platina electrode, or that of a 
combinfing electrode, or ions o^a decomposing electrolyte (453.471); 
and in the experiment formerly described, where eight places of 
decomposition were refletered active by one current (4b‘9.), and 
where charged particles of 'air in motion were the only electrical 
means of connecting; these parts of the current, it seems to me that 
the action of the particles of the electrolyte and of the air were 
essentially the same. A particle of air was rendered positive ; it 
travelled in a certain determinate direction, and coming ^o an elec- 
trolyte, communicated its powers ; an equal amount of positive 
force was accordingly a^uired by another particle (the hydrogen), 
and the latter, so chargecljtravelled as the former did, and in the safne 
direction, until it came to another particle, and transferred its power 
and motion, making that other particle active. Now, though the 
particle of air travelled ove» a visible and occasionally a large space, 
whilst tlie particle of the electrolyte moved over an exceedingly 
small one ; tffough the air particle might be oxygen, nitrogen, or 
hydrogen, receiying its charge from force of high intensity, whilst 

electrolytic particle of hydrogen had a natural aptness to receive 
the positive condition witli extreme facility ; though the air particle 
might be charged with very little electricity at a very high intensity 
by one process, whilst the hydrogen particle might be charged with 
much electricity at a very low* intensity by another process; these 
are not differences of kind, as relates to the final discharging action 
of these particles, but only of dej^ee ; not essential differences which 
make thuigs unlike, but such differences as give to things, siiniliar 

* If a metallic vessel three or four inches deep, containing oil of tarpntine, 

insulated and elecbided, and a rod with a ball (an inch or more in diameter) 
at the end, have the ball immersed in the fluid whilst the end is held in the 
hand, the mechanical force generated when the ball is moved to and ^om the 
rides of the vessel wifi soon be evident to the experimenter. 



32Cf KjL'pef imenlal Researches in Elcclricily, 

in their natnre, that great variety which hts them for their office in 
tlie system of the universe. 

1 624. So when a particle of air, or of dust in it, electrified at a 
negative point, moves on through the infiuerice of the inductive 
forces ( 1 to the next positive surface, and after discharge passes 
away, it seems to me to repi-esent exactly that ])article of oxygen 
which, having been rendered negative in the electrolyte, is urged 
by the same disposition of inductive forces, and going to the positive 
platina electrode, is there discharged, and then passes away, as the 
air or dust did before it. 

1625. Heat is another direct effect of the ettrrent upon substances 
in whicli it occurs, and it becomes a very important question, as to 
the relation of the electric and heating forces, whether the latter is 
always definite in amount.* There are many cases, even amongst 
bodies which conduct without change, which stand out at present 
from the assumption that it is ;t but there are also many which 
indicate that, when proper limitations are applied, the heat pro- 
duced is definite. Harris has shown this for a given length of 
current in a metallic wire, using common electricity and De la 
Rive has proved the same point for voltaic electricity by his beau- 
tiful application of Breguet’s therEnmneter.§ 

1626. When the production of heat is observed in electrolytes 
under decomposition, the results are stitt'^^more complicated. But 
important steps have been taken in the investigation of this branch 
of the subject by De la Rive|| and others; and it is more than 
probable that, when the right limitations are applied, constant and 
definite results will here also be obtained. 

1627. It is a most important part of the character of the current, 
and essentially connected with its very nat ire, that it is always the 
same. The two forces are everywhere in it. 'I'here is never one 
current of force or one fluid only. Any one part of the cuirent 
may, as respects the presence of the two forces there, be considered 
as precisely the same with any other ]jart ; and the numerous 
periments which imply their possible separation, ^ well as the 
theoretical expressions which, being used daily, assume it, are, 1 
think, in contradiction . with facts (511, &c.). It rppears to rne^to 
be as impossible to a.ssumc a current of positive or a curretft cf 
negative force alone, or of the two at once with any predominance 
of one over the other, as it is to give an absolute charge to matter 

(II61). 1177.)- 

1628. The conviction of this trufh, if, as I think, it be a truth, 
or on the other hand the disproof it, is of the greatest conse- 

« See De la U(!.iearc1ies, Bib. Uuivorsellc, 18211, xl. p. 40. 

f Amongst others, Davy, Philosophical Transactions, 1821, p. 438. Pelle- 
tier’s important results, Annales de Cbimie, 1834, Ivi. p. ^1. Becquerefs 
iion-heating current. Bib. Unlversollo, 1835, lx. 218. 

] Philosophical Transactions, 1824, pp. 225. 228. 

§ Aqnales do Chimio, 1836,1x11. 177. vj ' 

j| Bib. Dniv€«?feoJIf, xl. 40; and Uitchir, J'hil. Trftns. 1832^^^.296; 
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quence. If, as a first principle, we can establish tliat the centres 
of the two forces, or elements of force, never can be separated to 
any sensible distance, or at all events not further than the space 
between two contiguous particles (16'15.), or if we can establish 
the contrary conclusion, how much more clear is our view of what 
lies before us, and how much less embarrassed the ground over 
which we have to pass in attaining to it, than if wc remain halting 
between two opinions ! And if, with that feeling, we rigidly test 
every experiment which bears upon the point, as far as our preju- 
dices will let us ( 1161 .), instead of permitting them with a theo- 
retical expression to pass too easily away, are we not much more 
likely to attain the real truth, and from that proceed with safety to 
what is at present unknown ? 

1629 . I say these things not, I hope, to advance a particular view, 
but to draw the strict attention of those who are able to investigate 
and judge of the matter, to what must be a turning point in the 
theory of electricity ; to a separation oftwii roads, one only of which 
can be right : and I hope 1 nfay be allowed to go a little further 
into the facts which have driven me to the view 1 have just given. 

1630 . When a ivi*e in the voltaic circuit is heated, the tempera- 
ture frequently rises first, or^nost at one end. If this effect were 
due to any relation of positive or negative as respects the current, 
it would be exceedingly important. I therefore examined several 
such cases ; but when, keeping the contacts of the wire and its 
position to neighboturing things unclianged, 1 altered the direction 
of the current, 1 found that the effect remained unaltered, showing 
that it depended, not upon the direction of the current, but on 
other circumstances. So there is here no evidence cf a difference 
between one part of the circuit and another. 

1631 . The same poin^ i. e. uniformity in every part, may be 
illustrated by what may be considered as the inexhaustible nature 
of the current when producing particular effects ; for these effects 
depend upon transfer only, and de not consume the power. Thus 
a Current which will heat one inch of platina wire will heat a hundred 
inches note). If a current be sustained in a constant state, 
k will decompose the fluid in one voltameter only, or in twenty 
others if they bt* placed in the circuit, in e|^ch to an amount equal 

'^^^tkat in the single one, 

1632. Again, in cases of disruptive discharge, as in the spark, 
there is frequently a dark part (I422.),which, by Professor Johnson, 
has been called the neutral point and this has given rise to the use 
of expressions implying that^there are two electricities existing 
separately, which, passing to spot, there combine and neutra- 
lize each othert. But if sudi expressions are underltood as correctly 
indicating that positive electricity alone is« moving between the 
positive ball and that spot, and negative electricity only between 
the negative ball and that spot, then what strange conditions these 

• SUUman’s Journal, 1834, xxv. p, 57. • 

+ l?hoTUson on Ho!it and Electricity, p. 47 1 ; 
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])arts must be in ; conditions, which to my mind arc every way un- 
like tliat which really occurs ! In siieli a case, one part of a current 
would consist of positive electricity only, .and that moving in one 
direction ; another part would consist of negative electricity only, 
and that moving in the other direction ; and a third part would 
consist of an accumulation of the two electricities, not moving in 
either direction, but mixing up together, and being in a rektion to 
each other utterly unlike any relation which could be supposed to 
exist in the two former portions of the discharge. This does not 
seem to me to be natural. In a current, whatever form the dis- 
charge may take, or wliatever part of the circuit or current is referred 
to, as miicli positive force as is there exerted in one direction, so 
much negative force is there exerted in the other. If it w^ere not 
so we should have bodies electrified not merely positive and nega- 
tive, but on occasions in a most extraordinary manner, one being 
charged with five, ten, or tw^enty limes as mucli of both positive 
and negative electricity in ec^ual quantities as another. At present, 
however, there is no known fact indicating such states. 

Even in cases of convection, or carrying discharge, the 
statement that the current is everywhere the sfime. must in effect be 
true (ifiJi?.): for how, otherwise, could the results formerly de- 
scribed occur ? When currents of air constituted the morle of 
discharge between the portions of paper"* "moistened with iodide of 
potassium or sulphate of soda (46/5. 469.), decomposition occurred ; 
and I have since ascertained that, whetlier a C’iirrent of positive air 
issued from a spot, or one of negative air passed towards it, the 
effect of the evolution of iodine or of acid was the same, whilst the 
reversed currents produced alkali. So also in the magnetic experi- 
ments {307 •) whether the discharge was effected by the introduc- 
tion of a wire, or the occurrence of a spark, or the passage of con- 
vective currents either one way or the other, (depending on the 
electrified state of the particles) the result was the same, being in 
all cases dependent upon the perfect current. 

1634. Hence, the section of a current compared with ot^\er sec- 
tions of the same current must be a constant quantity, if the actions 
exerted be of the same kind; or if of different kinds, then the forms 
under which the effects are produced are equivalent to each other, 
and experimentally convertible at pleasure. It is in sections, tlpr^ 
fore, we must look for identity of electrical force, even to the 
sections of sparks and carrying actions, as well as those of wires 
and electrolytes. 

1635. In illustration of the utility and importance of establish- 
ing that which may be the true principle, I will refer to a few 
cases. The docS;rine of unipolarity as formerly stated, and I think 
generally understood,? is evidently inconsistent with my view of a 
current (16^7.); and the latter singular phenomena of poles and 

• Erman, Annales d© Chimie, 1807, Ixi. p. 115. Davy's Elements, p. 168. 
Biot, Epey. Brit. Supp. iv. p. 444. Becquerel, Traite, i. p. J67, De la Hire, 
Bib. Uiiiv. 1837, vii. 392. 
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Milled described by Eniian and others*^ partake of th,e J»ame ineoiv 
sistency of character. If a unipolar body could exists i. e. one 
tliat could conduct the one electricity and not the other, what very 
new characters we should have a right, to expect in the currents of 
single electricities passing through them, and how gi'eatly ought 
tlicy to differ, not only from the common current which is supposed 
to Jiave both electricities travelling in opposite directions in equal 
amount at the same time, but also from each other ! The facts> 
which are excellent, have, however, gradually been more correctly 
explained by Becquerel,t Andrews,^ and others ; and I understand 
that Professor C)hins§ has perfected the work, in his close exami- 
nation of all the phenomena ; and after showing that similar phe- 
nomena c&n take place with good conductors, proves that with 
soap, &c. many of the effects are the mere consequences of the 
bodies evolved by electrolytic action. 

1 ()3(). I conclude, therefore, that the faefs upon which the doctrine 
of unipolarity was founded are not adverse to that unity and indi- 
visibility of character which I have stated the current to possess, 
any more than the phenomena of the pile itself, which might well 
bear comparison wjtl^ those of unipolar bodies, are opposed to it. 
Probably the effects which havo been called effects of unipolarity, 
and the peculiar differences of the positive and negative surface 
when discharging into "^r, gases, or other dielectrics (1480. 

1 525.) which have been already referred to, may have considerable 
relation to each otber.y 

1 fiS7* M. de la Rive tias recently described a peculiar and remark- 
able effect of heat on a current when passing between elecyodes and 
a fluid.lT It is, that if platina electrodes dip into acidulated water 
no change is produced in the passing current by making the positive 
electrode hotter or colder ; whereas making the negative electrode 
hotter increased the deflexion of a galvanometer affected by the 
current, from 12^ to SO® and eveia^45®, whilst making it colder’ 
diminished the current in the same high proportions. 

1638. ^hat one electrode should have this striking relation to 
heat whilst the^ither remained absolutely without, seem to me as 
incompatible with what 1 conceived to be the character of a current 
iia ifliijpolarity (102,7. 163.5.), and it was therefore with some anxiety 

* Brman, Aonales do Chimie, 1821, xxv. 278. Bocquerel,Ibid. sxxvi. p. 329. 

f Beoqaorcrl, Atmales do Clutuio, 1631, xlvi. p. 283. 

^ Andrew.*)) Philosophical Magazine, 1836, ix. 182. 

§ ,Sc.^^eiggor’s Jahrbuoh dor Giiemio, dec. 1830. Hefl 8. , Not understanding 
Qef^inV 9 $ Is with exu-eme. regret 1 confess 1 have not access, and cannot do 
justfed', io titd'niauy mdst valuable paptra Sn experimental el^tricity publi.siied 
in that language. 1 take tills opportunity also of stating onouior circumstance 
which occasions me great trouble, and; 1 find by eisy ierieuce, may make mo 
seemingly regardless pf the laboiiys of ethers it is a gradual loss of memory 
for some years past j and now, often when I read a memoir, I remember that I 
have seen it before, and would have rejoiced if at the right lime T could haVo ' 
recollected and referred to it in the progress of my own papery.— -M. P* 

j| Soc iUso Hare in Sflliihan's Journal, 1833, xxiv. 219. • . 

Bibliolheoiie UniWsolle, 1837, vii. 388. 

' 2 T 
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that I rejKjated the experiment. The electrodes which I used were 
of ])latina ; the electrolyte, water containing about one sixth of sul- 
phuric acid by weight : the voltaic battery consisted of two pairs of 
amalgamated zinc and platina plates in dilute sulphuric acid, and 
the galvAiometer in the circuit was one with two needles, and gave 
when the arrangement was complete a deflexion of 10^ or 12^. 

1639. Under these circumstances heating cither electrode in- 
creased the current ; heating both produced still more effect. When 
both were heated, if either were cooled, the effect on the ciuTent 
fell in proportion. The proportion of effect due to heating this or 
that electrode varied, but on the whole heating the negative seemed 
to favour the passage of the current somewhat more than heating 
the positive. Whether the application of heat were by a flame ap- 
plied underneath, or one directed by a blow pipe from above, or by 
a hot iron or coal, the effect was the same* 

1640. Having thus removed the difficulty out of the way of my 
views regarding a current, I did not pursue tliis curious experiment 
further. It is j)robable, tliat the difference between my results and 
those of M. de la Rive may depend upon the relative values of the 
currents used ; for I employed only a weak «*ne resulting from two 
pairs of plates two inches long find half an inch wid^, whilst 
M- de la Rive used four pairs of plates of sixteen square inches in 
surface. 

1641. Electric discharges in the atmosplie’’e in the form of balls 
of Are have occasionally been described, ir'uch phenomena appear 
to me to be incompatible with all that w'e know of electricity and 
its modes, of discharge. As time is an element in the effect (1418. 
143G.) it is possible perhaps that an electric discharge might really 
pass a.s a ball from place to place ; but as every thing shows that 
its velocity must be almost infinite, and the time of its duration 
exceedingly small, it is impossible that the eye should perceive it 

*as anything else than a line ©{light. That phenomena of balls of 
fire may appear in the atmosphere, I do not mean to d^ny ; 
that they have anything to do with the discharge of ordinary elec- 
tricity, or are at all related to lightning or atmospheric electricity, 
is much more than doubtfuL 

^ ~ 

1642. All these considerations, and many others, help to confirm 
the conclusion, drawn over and over again,, that the current is an 
indivisible thing; an axis of power, in evefy part of which both 
electric forces are present in equal amount* (517* 1627*)* With 
conduction and electrolyzation, ai^d even discharge by sparky Such 
a view will haVmoiiizc without hurting any of our preconceived 
notioKls ; but as re|at<^ to convection, 9r more startling result 
appears, which must therefore be considered. 

» I anj sIjmI to refor hore ihe results obtained by Mr. Christie ^iih rnujr 
ufeto etefU ieiry, Philosopliical Traiisaction«,.i«33, p. 1 13. nutf . M retjards the 
cuvreat viro, they confirm everything that I am couiending for. 
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KilS. If two balls A and B be electrified in opposite states and 
hfld within each other's influence^ the moment they move towards 
each other, a current, or tliose effects which are understood by the 
word current, will be produced. Whether A move towards B, or 
B move in the opposite direction towards A, a current, and in both 
cases having the same direction, will result. If A and B move 
from each other, then a current in the opposite direction, or equi- 
valent effects, will be produced. 

1644. Or, as charge exists only by induction (1178« 1299.), and 
a body when electrified is necessarily in relation to other bodies in 
the opposite state; so, if a ball be electrified positively in the 
middle of a room and be then moved in any direction, effects will 
be produced, as if a current in the same direction (to use the con- 
ventional mode of expression) had existed : or, if the ball be nega- 
tively electrified, and then moved, effects as if a current in a direc- 
tion contrary to that of the motion had been formed, will be 
produced. 

1 645. I am saying of a single*particle or of two what 1 have be- 

fore said, in effect, of many (Xfi.'iS.). If the former account of 
currents be true, them that just stated must be a necessary result. 
And, tliough*the statement ni&y seem startling at first, it is to be 
considered that, accordina^o my theory of induction, the eliargqjd 
conductor or particle is rcMed to the distant conductor in the op- 
posite state, or that which terminates the extent of the induction, by 
all the intermediate piirticles (llf).5. these becoming polar- 

ized exactly as the particles of .\solid electrolyte do when interposed 
between the two electrodes. Hence the conclusion regarding the 
unity and indentity of the current in the case of convection, jointly 
with the former cases, is not so strange as it might at first appear. 

% 

1 646. There is a very remarkable phenomenon or effect of the 

clectrolitic discharge, first pointed out, I believe, by Mr. Porrett, of 
the accumulation of fluid under decomposing action in the current 
cm bne side of an interposed diaphragm.* It is a mechanical result ; 
and as the liqpid passes from the positive towards the negative 
electrode in all the known cases, it seems to establish a relation to 
thej[)alar condition of the dielectric in which tjje current exists (1 164. 
15^5?). It has not as yet been sufficiently investigated by experi- 
ment ; for De la Rive 8ays,f it requires that the water should be a 
bad conductor, as, for instance, distilled water, the effect not hap- 
pening with strong solutions ; whereas, Dutrochet saysj the con- 
ti^y is the case, and that, tKe effect is not directly due to tlie 
d'ectric current. % 

1647. Becquerel iri^his Traite de UElectricite hks brought to- 
gether the considerations which arise for and, against the opinion, 
that the effect generally is an electric effect.§. Though I have no 

* Annals of Philosophy*, 1816, viii. p. 7.>. 

f Annalos do Chtraio, 1885, xxviii.' p. Wli. 

\ Annnlcs de Chijoie, 1833, slix. i>. m. 5 Vol. it. p. 1»’. 
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decisive fact* to quote at present, 1 cannot refrain from venturing an 
opinion, that the effect is analogous both to combination and con- 
vection (16^25*.), being a case of carrying due to the relation of the 
diaphragm and the fluid in contact with it, through which the elec- 
tric discharge is jointly effected; and further, that the peculiar 
relation of positive and negative small and large surfaces alreatly 
referred to (1482. 1503. 1595.), may be the direct cause of the fluid 
and the diaphragm travelling in contrary but determinate directions. 
A very valuable experiment has been made by M. llecquertl with 
particles of clay,^ which will probably bear importantly on this 
point. 

Ifl48. A.S long as the terms current and electro-dynamic are used 
to express tliose relations of the electric forces in which progression 
of either fluids or effects are supposed to occur (983.), so long will 
the idea of velocity b(? associated with them ; and titis will, perhaps, 
be more especially the esise if the hypothesis of a fluid or fluids be 
adopted. ‘ 

lfi4,9. Hence lias arisen the desire of estimating this velocity 
either directly or by some effect dependent ow it.; and amongst the 
endeavours to do this correctly, nia^ be mentioned e.4pecially those 
of Dr. Watsont in 174*8, and of Professor Wheatstone^ in 1834; 
the electricity in the early trials being si^ipposed to travel from end 
to end of the arrangement, but in the latter investigations a di s- 
tinction occasionally appearing to be made between the transmission 
of the effect and of the supposed fluid by the motion of whose par- 
ticles that effect is produced. 

1650. p.lectrolytic action has a remarkable bearing upon this 
question of the velocity of the current, especially as connected with 
the theory of an electric fluid or fluids. ^ In it there is an evident 
transfer of power with the transfer of each particle of the anion or 
cathion present, to the next particles of the cathion or anion ; and 
as the amount of power is definite, we have in this way a means of 
localizing as it were the force, identifying it by the particle tml 
dealing it out in successive portions, which leads, ^think, to very 
striking results. 

1651. Suppose, forjlnstance, that water is undergoing decomno- 
sition by the powers of a voltaic battery. Each particle of h^jrcK 
gen as it moves one way, or of oxygpn as it moves in the other 
direction, will transfer a certain amount of electrical force associated 
with it in the form of chemical affinity (822, 852. 918.) onwards 
through a distance, which ia equal* to that through which the par- 
ticle itself has moved. This trapsfer will be accompanied by a 
corresponding tiiovement in the electrical fiA'ces throughout every 
part of tlie circuit fqrmed (l6‘27* 1634.), and its effects maybe 
estimatech fo»’ instance, by the heating of a wire (85,?.) at any 
particular section of the current however distant. If the water be 

t de I’KIciMijrUt', i. p. 28,5. f ?liilo^ophioi)ji Truntiflciioni^, 1748. 

^ Ibid. J8:M, p. .m 
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a cube of sin incli in the side, the electrodes toucliing;, each by a 
surface of one square inch, and being an inch apart, then, by the 
time that a tenth of it, or 25*25 grains, is decomposed, the p&rticles 
of oxygen and hydrogen throughout the mass may be fonsidered 
as having moved relatively to each other in opposite directions, to 
tlio amount of the tenth of an inch ; i. e. that two particles at first 
in combination will after the motion be the tenth of an inch apart. 
Otlier motions which occur in the fluid will not at all interfere with 
this result ; for they have no power of accelerating or retarding the 
electric discharge, and possess in fact no relation to it. 

16*52. TJie quantity of electricity in 25*25 grains of w'ater is, 
according to an estimate of the force which I formerly made 
(8Cl.), equal to above 24 millions of charges of a large Leyden 
battery ; or it would have kept any length of a platina wire 1-104 
of an inch in diameter red hot for an hour and a half (853.). TJii.s 
result, though* given only as an approximation, 1 have seen no 
reason as yet to alter, and it is confirmed generally by the experi- 
ments and results of M. Poiiillet.* According to Mr. Wheatstone's 
experiments the influence or effects of the current would appear at 
a distaiice of 576,*O0f) miles in a second. t We have, therefore, in 
this view of the matter, on the one hand, an enormous quantity of 
power equal to a most /Instructive thunder storm appearing yi- 
stantly at tlic distiince of 57/), 000 miles from its source, and on the 
other, a quiet effect, in producing which the power had taken an 
hour and a half to travel through the tenth of an inch : yet these 
are the equivalents to each other, being effects observed at the sec- 
tions of one and the same current (1634.). 

1653 . It is time that 1 .should call attention to the lateval or trans- 
verse forces of the current. The great things which have been 
achieved by Oersted, Ar^o, Ampere, Davy, De la Hive, and others, 
and the high degree of simplification which has been introduced 
into their arrangement by the theory of Ampere, have not only 
done their full service in advancing most rapidly this l)ranch of 
knowledge, but have secured to it such attention that their is no 
necessity for urging on its pursuit. I refer of course to magnetic 
action and its relations ; but though this is the only recognised 
la^ral action of’the current, there is great i^ason for believing that 
.oth'CTs exist and would by their discovery reward a close search 

for them (95L)- • 

1654 . The magnetic or transverse action of the current seems 
to be"4n a most extraordinary ^degree independent of those varia- 
tions or modes of action which it presents directly in its course; 
it consequently is of the more wilue to us, as it gives us a higher 
relation, of the power than any that might have Wied with each 
mode of discharge. This discharge, whether it be by conduction 
through a wire with infinite velocity (1652), or by electrolyzation 
with'its corresponding and exceeding slow motion (l651.), or by 

* jpocqueivljTraite ilol'EIectricite, 7 . p. 27S. ^ 

^ rhUosophical TransartinnH, 185 1, p, 58i>. 



3S t E r peri menial Researches in Elecirlcii^. 

sparky Hiul probably even by convection, producer a transverse 
magnetic action always the same in kind and direction. 

1655. It has been shown by several experimenters, that whilst 
the discharge is ot* the same kind the amount of lateral or magnetic 
force is vdry constant (36f). 367- 368. 376.). But when we wish 
to compare discharge of different kinds, for the important purpose 
of ascertaining whether the same amount of current will in its dif- 
J event forms produce the same amount of transverse action, we find 
the data very imperfect. Davy noticed, that when the electric cur- 
rent was passing through an aqueous solution it afiected a magnetic 
needle*, and Dr. Ritchie says, that the current in the electrolyte is 
as magnetic as that in a metallic wiref , and has made water revolve 
round a magnet as a wire carrying the current would revolve. 

1656. Disruptive discharge produces its magnetic effects: a 
strong spark, pasiicd transversely to a stcele needle, will magnetise 
it as well as if the electricity of the spark were conducted by a 
metallic wire occupying the line of discharge ; and Sir H. Davy 
has shown that the discharge of a voltaic battery in vacuo is affected 
and has motion given to it by approximated magnetsj. 

1657. Thus the three very different modes ^f discharge, namely, 
conduction, electrolyzation, and disruptive discharge, ugree in pro- 
ducing the important transverse phenomenon of magnetism. Whe- 
ther convection or carrying discharge ' will produce the same 
phenomenon has not been determined, kiul the few experiments 1 
have as yet had time to make do not enables me to answer in the 
affirmative. 

1608. Having arrived at this point in the consideration of the 
current and in the endeavour to apply its phenomena as tests of the 
truth or fallacy of the theory of induction^ which Thave ventured 
to set forth, I am now very much tempted to indulge in a few 
speculations respecting its lateral action and its possible connection 
with the transverse condition of the lines of ordinary induction 
( 1 1 65. 1 304. ). I have long sought and still seek for an eftect^or ccfti- 
dition which shall be to statical electricity what magnetic force is to 
current electricity ; for as the lines of discharge are associated with a 
certain transverse eifect, so it appeared to me impossible but thattlie 
lines of tension or of inductive action, which of necessity preji/^e 
that discharge, should also have their cojrrespondent transverse con- 
dition or effect (051.). 

1659. According to the beautiful theory of Ampere, the trans- 
verse force of a current may be represented by its attraction for a 
similar current and its repulsion of^ a contrary curi’ent. May not 
then the cquivalifent transverse force of static electricity be repre- 
sented by that lateral tension or repulsion which the lines of induc- 
tive action appear to possess (1304.)? Then again, when current 


* Philosophical Transactions, 1821, p. 428, 
+ Ibid. 1H32, p. 2JM. 
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or discharge occurs hetwecu two bodies, previously yiider iiiduc- 
•trical relations to each other, the lines of inductive force willAvenkeii 
and fade away, and, as their lateral repulsive tension diminishes, 
will contract, and idtiraately disappear in the line of discharge. 
May not this l)e an effect identical with the attractions "of similar 
currents? e. may not the passage of static electricity into current 
electricity, and that of the lateral tension of tlie lines of inductive 
force ii'to the lateral attraction of lines of similar dischai’ge. have 
the same relation and dependencies, and run parallel to each other? 

IdfJO. The phenomena of induction amongst currents which 1 
had the good fortune to discover some years ago (6. &c. 104*8.)may 
perchance liere form a connecting link in the series of effects. 
When a current is first formed, it tends to produce a current in the 
contrary direction in all the matter around it ; and if that matter 
have conducting properties and be fitly circumstanced, such a cur- 
rent is producetl. ()ii the contrary, when the original current is 
stopped, one in the same direction tends to form all around it, and, 
in conducting, matter properly arranged, will be excited. 

l6(il . Now though we perceive the effects only in that portion of 
matter which, being iQ the neighbourhood, has conducting properties, 
yet hy|fftthetically it is probaWt, that the non-conducting matler 
has also its relations to, and is affected by, the disturbing cause, 
though we have not yeC*iiiscovered them. Again and again t4ie 
relation of conductors and ifoii-conductors has been shown to be one 
not of opposition in Jiind, but only of degree (1334. J603.), and, 
therefore, for this, as well as for ether reasons, it is probable, that 
what will affect a conductor will affect an insulator also ; producing 
perhaps what may deserve the term of the electrotonic state (fiO. 
242.1114.). ’ 

16(32. It is the feeling of the necessity of some lateral connexion 
between the lines of electfic force (1114.); of some link in the chain 
of effects as yet unrecognised, that urges me to the expression of 
these speculations. The same feejing has led me to make many 
experinjents on die introduetioii of insulating dielectricshaving dif- 
ferent inductive capacities (1270. 1277-) between magnetic poles 
and wires carrying currents, so as to pass across the lines of magnetic 
force. 1 have employed such bodies both at rest and in motion, 
as yet, being able to detect any iiiflu6nce produced by them; 
but I do by no means consider the experiments as sufficiently deli- 
cate, and intend, very shortly, to render them more decisive. 

1663, 1 think the hypothetical question may at present be put 
thus : can such considerations as those already generally expressed 
(1658.) account for the transverse effects of electrical currents ? are 
two such currents in relation to* each other merely by the inductive 
condition of the particles of matter between them, or are they in 
relation by some higher quality and condition (1654.), winch, 
acting at a distance and not by the intermediate particles, has, like 
the force of gravity, no relation to them ^ 

1664 . If the latter be the case, then, when electricity is acting 
upon and in ma^tdl*, its direct and its transverse .'iction are essentially 
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different in their nature ; for the former, if I am correct,, will depend 
upon the contiguous particles, and the latter will not. As I have 
said before, this may be so, and I incline to that view at present, 
but I am desirous of suggesting considerations why it may not, tliat 
the question may be thoroughly sifted. 

1665. The transverse power has a character of polarity impressed 
upon it. In the simplest forms it appears as attraction oT repulsion, 
according as the currents are in the same or different directions : in 
the current and the magnet it takes up the condition of tangential 
forces ; and in magnets and their particles j)roduces poles. Since 
the experiments have been made which have persuaded me'that the 
polar forces of electricity, as in induction and electrolytic action 
(I29S. 1343.), show effects at a distance only by means of the polar- 
ized contiguous and intervening particles, 1 have been led to expect 
that fiH polar forers act in the same general manner ; and the other 
kinds of phenomena which one can bring to bear upon the subject 
seem fitted to stvengtheji thiit expectation. Thus in crystallizations 
the effect is transmitted from j>article to particle ; fend in tliis manner, 
in acetic acid or freezing water a crystal a few inches or even a 
couple of feet in Irngtii will form in less than second, but progres- 
sivtjly and by a transmission of povier from particln to ii^article. 
And, as far as I remember, no case of polar action, or partaking of 
pcilar action, except the one under discu«rIon, can be found which 
does not act by contiguous particles.^ It is apparently of the nature 
of polar forces that such should be tlie case, ibf the one force either 
finds or developes the contrary force near to it, and has, therefore, 
no occasion to seek for it at a distance. 

1666, Hut leaving these hypothetical notions respecting the nature 
of the lateral action out of sight, and returning to the direct effects, 
I think, that the phenomena examined and reasoning employed in 
this and the two preceding papers tend' to confirm the view first 
taken (1 1 64), namely, that ordinary inductive action and the effects 
dependent upon it, are due to an action of the contiguous particles 
of the dielectric interposed betw'cen thf; charged surfaces or pansts 
which constitute, as it were, the terminations of the effect* The 
great point of distinction and power (if it have any) in the theory 
is, the making tlie dielectric of essential and specific importance, 
instead of leaving it as it w^ere a mere accidental circumstanQ9i.\)r 
the simple representative of space, having no more influence over 
the phenomena than the space occupied by it. 1 have still certain 
Other results and views respecting the nature of the electrical forces 
and excitation, which are connected •with the present tlieory 5 and, 
unless upon further consideration they sink in my estimation, I 
shall very shortly put them into form as anotlier ^ries of these 
electrical researches. 

lioijal Inaiitutiony Feh, 4, 1838. 

* T mciijX by contiguous particles Uuwo which an- ncxl to each other, not that 
ih* rc Is /to space them. (Sc*- IfiHi.) •' 
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iVIr. T^och! — How are tliosc wires kept insulated in the tubes ? 
I'irst, the wires are insulated from each otlier by a mixture ot* 
cotton' and india rubber, which is a very good insulating material ; 
tficu, thej^ prepared wires are all passed, with certain precautions, 
through an iron tube, which in some ])arts of the line is buried 
beneath the ground, and in other parts of the line is raised above it. 

That mixture of cotton and india-rubber cuts off all communi- 
cation between the jure and the tube ? — Yes,, and between the 
separate u ires ; it is Sufficient non-conductor. 

Chairman. — ^’ou say, a guard may communicate by means of 
one of these posts ])iit up, with any station With the stations 
either way. 

irU; must carry a portable; apparatus ? Yes. 

That must be tin; nature of the keys, must it not •' The telc- 
grapliic apparatus necessarily consi'-ts of tvv(» parts^ the canninuiii- 
cating keys and the dial on which the indicated characters are seen ; 
that which tin; guard carries must, contain bolh these parts here; 
the keys and the dial are in the same n{)paratus. 

Lord Granville Somerset. — Suppose the Great Western Railway 
were completed l)ctw*een London and Bristol, do yoq contemplate 
the possibility of carrying yoiir telegr.iph througli the whole way, 
so^as to signify from London to Bristol j^uiytiniig you wish to com- 
nninicate, and vice verm from Bristol to London ? The experiment 
has not been tried, but 1 have every reason to believe that it can 
be done. 

You rnusft multiply your pow. r considerably in that case.; but if 
you can multiply your power sulliciently, there is mi difficulty, in 
your opinijn, in performing that? One very important circuin- 
staiiec I have ascertained is the little power requisite to produce 
this effect ; it was formerly thought vliat to send a cuircnt to any 
considerable extent, very strong batteries must be employed, but 
in fact a very weak battery is sufficient, provided only it consists of 
a number of* elements proportionate to the distance. ^ 

Do you see any practical difficulty in proportioning thelimnber 
of your batteries to that extent, uf 100, oi 1 j 20 mHcs ? 1 tliiiik 

there is none. 

So far as your experunents have gone, you think you shoul^jl'.be 
able to effect this telegraphic cominunicalion between Bristol and 
J^orulon Yes ; possibly several stations may be required, but, at 
'any rate, the stations may be at far greater distanced from each 
other than would be required for ^any ordinary system of t( li - 
graphs ; my opinion is, that the intermediate stations will not be 
required. ^ ^ 

Y(»u think you may communicate to the Reading station, the 
Reading station to another in the direction of Bristol, and that to 
Bristol ? Yes ; this means w^ould be adopted if it i^hould be found 
impracticable to effect an immediate communication between the 
two extreme stations. 

Mr. .•French. — Have you any doubt you cou'il do it with one 
intermediate station, dividing tlie distance ? The experiment has 
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pot been tried ; if j^erfect insulation of the wires can be obtained, 
there will be no difficulty ; theoretically there is no difficulty, but 
we mi^ajht meet with practical obstacles in so lon/f a line. 

Lord Craiiville Somerset. — How long has this line been laid 
down upon the Great Western ? 1 think it finished in July 

last. (183if.) 

Do you think you have had cxperierce enough during the last 
winter to ascertain that it will not fail you in consecjuence of any 
inclemency of weather, or circumstances of that nature? If the 
wires aie properly protected, I think there is no fear wdialever. 

Do you conceive they can be so protected, that weather will 
!iav»' no effect upon them ? Yes, that is my judgment, from ex- 
periuient. 

Mr. Loch.- -Is there any appreciable loss of time in making a 
communication frtnn the Paddington station ter the extremity of the 
line to which the telegraph is now carried? From some experi- 
ments I made some years ago, published in the Philosophical Tran- 
suctions, when 1 first turned my attention to the possibility of 
effecting telegraphic conimiinications, 1 ascertained that electricity 
travellevl tlyoug?i a*copper wh*e at the rate of‘ about 20()/)()0 miles 
in a Second ; consc<[nently there is no appreciable time lost in the 
communication of the electrical effect; tlic only time that would 
be lost Avould be at relay stations, if they were necessary. ^ 

Mr. Freshfield. — Suppose you want to comnuinicate from London 
to Bristol, bow do Jron signify that your intention is to communi- 
cate with Bri.stol and not with Drayton ? There would be a 
separate signal appropriated to each station, which would be made 
before the coinuiuuication begins, immediately after th^ alarum has 
been rung, 

Mr. Loch, — What is ihe rate at which light travels ? 19^i,()00 

miles in a second. 

What you described in the first instance is the mode of asking 
t^ie question; liow is the message received? The person who is 
attending reads the message from tlie dial. 

Chairman#^ — Have the applications you have had from foreign 
countries to put up this means of coininunicatioii been in connection 
wijii railways, ’or separate from railways All in connection with 
railways. 

Is it of any consequence; that it should be on a railway, or does a 
railway offer any advantage in that respect ? Not the slightest ad- 
vantage with regard to layii\g down the line, but a great one with 
respect to its protection from injury. 

Sir John Ouest. — Have yo« tried to pass the line through water ; 
There would b^ no difRculty in doing so^ but tSe experiment has 
not yet been made. * 

Cliairman. — Could you communicate from Dover to Calais in 
that way ? I think it perfectly practicable. 

Have you any further observations to make ? An electrical tele- • 
graph offers a great many advantages over an ordinary t^egraph ; 
it will w^ork <lay and night, but an ordinary telegraph will act only 
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during day; it will also work in all states of weather, anord-. 
nary telegraph can only work in fine weather. There are a great 
number of days in the year in which no communication can be given 
by an ordipar}’’ telegraph, and, besides, a great many communica- 
tions are stopped before they can be finished, on account of changes 
in the state of the atmosjihere. No inconveniences of this kind 
would attend the electrical telegraph. Another advantage is, that 
the expense of the separate stations is by no means comparable to 
that of the ordinary telegraph ; no look-out-men are required, and 
the apparatus may be w'orked in any room where there are persons 
to attend to it. There is another advantage tJic electric possesses 
over the ordinary telegraph, viz. the rapidity with which the signals 
may be made to follow each other. Thirty signals may be conve- 
niently made in a minute ; that number cannot be made by the 
ordinary telegraph, "riiere is one thing I will take the opportunity 
to mention : 1 have l)oen confining the attention of the committee 
to the telegraph now working on the Great Western Railroad, but 
having lately occupied myself in carrying into effect numerous im- 
provements whicJi have suggested themselves to me, I have, 
conjointly with Mr. Gooke, who has tiirned his attention groatly to 
the same subject, obtained a new patent for a telegraphic arrange- 
ment, which 1 think will present very g!:^at advantages over that 
wliich at present exists. It can be applied without entailing any 
additional expense of consequence to the line now laid down ; it 
will only l)c necessary to substitute the new for the former instru- 
ments. This new apparatus requires only a single pair of wires to 
effect all which the present one does with five, so that three inde- 
pendent teU'graphs may be immediately placed on the line of the 
Great Western ; it presents in the same place all the letters of the 
alphabet according to any order of succcssicti, and the apparatus is 
so extremely simple, that any person without any previous acquaint- ^ 
ance with it can send a communication and read the answer. This 
a])paratiis f shall be happy to show the committee in action 
King's College. • 

Sir John Guest. — Does not the possibility of cutting off the 
communication between one point and another, occur to you } The 
same objection may be m^dc with regard to railroads themselves^ o 

Suppoce any person w^ere to stop the communication from one 
town to another ? By destroying tlie continuity of the rails they 
might stop the passage of the trains. 

The common telegraphic communication could be kept up not- 
withstanding that ^ Certainly. 

Chairman. — Can you stiite the expense which wrould be incurred 
in laying it down f I am hardly prepared to state that, because 
only one line has been lakl down at present. 

Mr. Loch. — Would it be your view ultimately, supposing the 
railway completed to Bristol, that there should be one line to tele- 
graph to and another from Bristol ? No ; the same line will serve 
both purposes. o 

There will be no inconvenience in practice in making use of the 
siine line r N o. 
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Mr. I I. Baring.— This sort of telegraph is not in ojjeration on any 
other railroad ? The Blackwell Company shortly intend to have it. 

Charles Alexander Saunders, Esq., called in and examined. 

Lord Granville Somerset — As secretary of the Great Western 
Railroad Company, can you state to the committee whether they 
have adopted Mr- Wheatstone’s magnetic telegraph? As far as 
West Drayton, IS miles. 

How long has it been adopted? It was finished in July last ; it 
has been in operation about seven or eight months. 

Was that laid down at the expense of the railroad ? It was laid 
dov/n under an agreement with Mr. Cooke, who is one of the 
patentees. 

Was it on behalf of Mr. Wheatstone also ? It was under agree- 
ment with Mr. Cooke, Mr. Cooke being the «)-patentee. 

Docs that agreement extend to any length of time, or has this been 
only an experiment ? 'J'he agreement conten) plated the further ex- 
tension of it, if the Company required it within a certain period of 
time, after the completion of the first 13 miles. 

In fact tile Company havejaid down this magnetic telegraph at 
their own expense, under a specific agreement with Mr. Cooke, the 
Company taking the exjjense on the one hand and deriving any 
benefit they may derive qji other ? Yes, just so. ^ 

That agreement is determinable at a certain period ? It is. 

Is it renewable at the option of either party ? No ; I think it is 
absolutely determinable, not renewable. 

Have you any objection to state the term of years ? I have no 
objection to state the substance of the agreement, but ^ is very long 
and very intricate ; the material substance of it is this ; that within 
a certain number of months after the telegraph shall have been laid 
• and efficiently worked between Paddington and Drayton, the com- 
pany might call upon the patentees to give them a license for the 
^whole line, on certain terms ; there are a variety of further con- 
sidei^atioiis involved in flie agreement, wliicli it would be very 
difficult to iffelate. 

Is this agreement binding upon the patentees, so as to enable the 
•Qreat Westefh Company to execute tliis ^elegrapli all the way from 
Bristol to London, for a certain number of years ? It was binding 
upon them, but the time has now expired. 

A new arrangement must be made before any permanent agree- 
ment is effected ? • Yes, ^neither party is now bound by that 
agreement. 

Have all the advantages which wer,e anticipated from this tele- 
graph accrued ? I think we have scarcely had* it in a state to say 
that we have derived all the advantages which were contemplated 
from it, because we have, between West Drayton and Paddington, 
very little inducement to work the telegraph* separately for that 
part ; it had much more reference to the more distiint stations, and 
the communications of our line with others, or to comniunications 
between places on the line where short and long trains together are 
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running upon- the same portion of railroad. As yet we have had no. 
practical benefit of that description, but it has enabled us to ascertain 
tliat tliQ lelograpli perfectly performs all the duty that was expected of 
it ; as far as it goes, it works perfectly true. 

ProvidedT it shall work as well when your line is completed, do you 
anticipate all those useful rt‘sults that were anticipated before it was laid 
down ? 1 do, indeed. 

That is your opinion, after your experience of eight or nine months 
on 13 miles? Yes. 

In general terms, is it a very expensive thing to lay down this mag- 
netic telegraph ? It ia ex])ensive, but that is a rpiostion of degree : I 
have no objection to state the expense incurred ; I believe it may b(^ 
laid at from £250. to £300. a mile, including the charge for station 
instruments. 

In the discussions which have taken place, of which you may have 
been cognizant, upon the subject of railroad telegraphs, have the 
directors contcinjdated the conveyance ofordiiuiry articles of intelli- 
gence between Bristol and London ? I thinic that view was entertained 
by the company when they originally tried it ; the object would bo to 
facilitate all means of coiniiinnicalion. 

Do you consider that that would be^ho only means by which the 
company would bo remunerated for the outlay ? I think the usefulness 
of it ‘^0 the* railway itself is the eln<‘f rcmunerdlion ; it is calculated un- 
doubtedly to simplify the working of the railway, and to diminish the 
stock of every descri])lion, whether of engines or of 'carriages; to insure 
greater punctuality, and, in cases of accident, to repair tlie injury with 
the least delay, as well as to produce general advantages and greater 
security in working the railway. 

You think you might have a less establishment, and less stock, in 
conso(picnce of having this magnetic telegraph, than yon otherwise 
would be obliged to keep up to conduct the liiffe ? Undoubtedly. 

And that in that way the company would be remunerated ? 1 think 

that would be a mode of remimeratitni ; T do m>t say to what extent it 
would operate, as com])arod with the expense of the telegraph itscy*. • 

In addition to the remuneration thus derived, do you conceive it will 
be an effectual inode of assisting in case of accident to |.)asseTigers ? 
Certainly, it would be so. 

And in some instancesvof preventing accidents? Ves; if a liiu* 
were at any place stopped U]), and a communication could bo made by 
telegraph, it would prevent the danger of collision from a subsequent 
train running up to the place of danger. 

Mr. Wheatstone has stated that it is ii^-tcnded^that a gukrd should 
have a portable telegraph, capable of operating at the distance of every 
quarter of a mile?^ Yes, that is a pljtn propo.sed; it has not been 
carried into eflfect on our line at present ; ihoro arc places to which the 
portable telegraphs may beoipplied, but the men have not been instruc- 
ted in it yet. 

Supposing that idea were carried out, would it not be the cause of 
great safety in case of sudden emergencies, or fear of accidents ? Yes ; 

I have no < doubt security against accidents would result^ and more 
prompt assistance in case of accident. h. 
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Suppose an engine unexpectedly becarae unfit for service, have 
you not, in the Course of the last few months, occasionally sent to 
another station for another engine, by means of the tclegjruph ? 
Yes, we have, on one or two occasions within a few months ; we 
worked the telegraph for nearly two months, so as to communicate 
to Paddington the moment of the passing of the train at West 
Drayton and Hanwell ; that was done for the puipose of trying 
whether the telegraph would constantly work, and whether 
could rely upon it, and it answered the purpose, certainly, 
admirably. 

Do you contemplate continuing that constant use of it ? No, we 
do not work it in that way ; but it is used in any emergency ; they 
can transmit any intelligence between West Drayton and Padding', 
ton, which it may be material to receive. 

If parties will want horses when they come, to the Paddington 
station, you are* in the habit of sending on intelligence of that ? 
Yes, we are ; 1 think the chief use of the telegraph, what I con- 
sider the chief advantage of it, would be upon the junction of two 
lines, where they are to be worked by the engines of one line ; for 
instance, upon the line from Bristol to London, at the junction of 
the Chekenhifm Railway, it would be a very great facility indeed 
if it could be ascertained at the moment at which the train con)es up 
from Bristol which is to rdcisive the Cheltenham traffic, that tile 
Cheltenham train is on its ph>gress, and either within five minutes 
or not within five miuutes of the place ; by that means there would 
be no useless delay to either train, and in the same jnanner the 
down train coming up would he able to send previous intelligence 
from a station, by which the engine from the Cheltenham train 
would be ready at any time to take the train on withoift any loss 
of time. 

It would also, in case of any want of exactness in the arrival of 
a train, prevent collision, would it not ? It would, and it would 
reduce the expense of working thejine ; the superintendent might 
be cnabkd, in many cases, delaying the train only a few minutes, 
to save the expense of a second engine being sent for a long distance. 

In case of any severe fogs in any particular district, would it not 
be a great advant/ige that the trains coming into that district should 
be fniide aware of that circumstance ? Yes,*I think in the case of 
our working short trains, wfiich we shall probably do from Slough 
to London, independently of the Bristol trains, it would be very 
important for us to kno^ at Paddington when a train is approach- 
ing, whether it be a Slough of a Bristol train, and for those at 
Slough to know that the long train is coming up, and is within a 
certain distance, or not within a certciin distance, tha<l they may pre- 
pare accordingly, whether to send on that train from Slough to 
London, or delay it for a short time. * 

Suppose you wish to send an extra train from one point of your 
line to another, without any means of communication, there must 
be always a certain degree of danger either of running into another 
train, or meeting* another train? Yes, we are always obliged 
^ 2V 
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to' allow a 'Certain interval to elapse before another train irf 
sent. 

That is not always a certain means of preventing collision, is it ? 
No, it is not. 

By means of this telegraph, could not you guard against the 
danger of accident in that respect ? Undoubtedly, it would tend 
to security in those cases. 

Mr. I..och — Would not the possession of such a means of Con- 
veyance, after the telegraph is completed as far as Bristol, give the 
possessor of tlie telegraph a great advantage in a commercial point 
of view over the rest of the public ? It might do so, if they should 
choose so to avail tliemselvcs of their property. 

Has it ever occurred to you what remedy the public miglit have 
under those circumstances ^ 1 do not set? how they possibly could 
have any remedy f.t all ; I do not see wJiy they ought to have any 
remedy. 

Would it be unfair, under those circumstances, that the Railway 
Company should give facilities to other parties to erect other tele- 
graphs along their lines, paying the company for such tacilities ? I 
think the company would not object to other p.irties having a facility 
if they were sufficiently paid for it /but I cannot conceive if a party 
possesses property, >vhy he should refuse to make it useful to 
Kmself, or why he should be called u'J)on to make it as useful to 
another as to himself. 

Take the railway to Portsmouth, would it Ue at all a matter that 
would be indifferent to the country, that the directors of that rail- 
road should have the means of communicating by means of their 
telegraph with London, while the Govcrnmoit is deprived of all 
communication between the principal naval station and the capital 
in the same manner ? I think the case cannot arise ; Government 
will have the power of course, if they choose to pay for it, of put- 
ting a telegraph of their own between Portsmouth and London ; 
and there is no telegraph which could exist, whether on the South- 
ampton or any other railw’^ay company possessing which wonld pre- 
vent the Government having the use of it, if they choose to pay 
for it. Government might have one, of course, if they would go to 
the expense of making it. 

What expense do yciU refer to ? The expense of buying laiKl and 
putting it down. 

Would it not be a much more ready way to give the Government 
the power to lay down the telegraph on th.o railway itself ? Pay- 
ing for it, I do not see the slightest objection to it. 

Lord Granville Somerset — .Suppose a restriction of the nd van- 
tages of the railway company to that which may be called their own 
peculiar business, ai]d not allowing it to transmit other intelli- 
gence ? It strikes me that that would be a prohibition to the com- 
pany laying it down at ;ill. 

Mr. Loch. — You think if this rule were laid down, that all the 
intellij^ence of those who telegraph should be made public with the 
exception of that oh thehr otvp affairs, that wouhf o|)erate as a pro- 
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hibition to thoir laying it down at all ? I scarcely kn(^w as to any 
ailo of its being made public ; I am answering these (luesiions very 
much in the dark, but it strikes me that saying You may, lay it 
down, but you shall not use it except in a particular way,” would 
amount to a prohibition, • 

Mr. Green.— Do ycu see any objection to compelling the com- 
pany to allow persons to send any information they please by means 
of your telegraph ? I see none at all, under particular arrange- 
ments, inasmuch as I think that is what they would ilo as a matter 
of course ; but then it must be subject to certain regulations of the 
company ; they could not consent to its being taken out of their 
hands, when they arc using it, and given to another ; of course the 
transmission of genend intellig’cnce would be one source of income 
derived from it, 

Mr. Loch.— How would this operate u|X)n t^je construction of a 
telegraph of this sort, if the government were to have the power, 
paying for it, to be enabled to lay down a telegraph of their own ; 
would that operate with the directors in preventing their laying 
down one of their own ? I think not at all ; I cannot conceive 
that it w<)uld be theii; wish to prevent government possessing one. 
I think it' an expenditure shall tave been incurrtjd by any company 
in laying down one under the expectation that they will derive the 
benefit of ft, whether in tvaasmitting raihvay information or genejial 
information, being propcrly*paid for it, if they should be obliged 
to permit another coyipaiiy to lay down another telegraph on their 
line, that would be a great hardship ; but I am sure they would do 
everything they could to facilitate the views of government. 

liord Granville Somerset. — Supposing the government ^^were to 
lay down a magnetic telegraph from London to Bristol? and sup- 
posing that any parties were allowed, under certain regulations, to 
communicate by that tek*grai)li, would you sec any objection to 
tiftt ?. I expressly reserved that it should be ivsed for government 
purposes only. It never could an^^ver to lay down two telegraphs ; 
it ^ould be a great hardship to make the possessor of the soil give 
up hivS fight to enable some other party to compete with him. 

Mr. Loch.— Confining it to government purposes, you see no ob- 
jection to allowing the government to lay an electrical telegraph? 

whatever ; at the same time I should «tate that it is a subject 
I have not much thought of or considered, and therefore I fear my 
opinion its worth nothing. * 

Cliairmiin. — Why was not your telegraph put under ground? 
It was attempted at Hrsf to be put under ground, but the wet got so 
much to it, it was found better to put it above ground, to secure it 
from that injury. 1 believe oneTof the grdat difficuUies the patentee 
had to contend with at the time has been since remedied by making 
the tubes more impervious to the wet.— (Mr.*IF/«ca/.9/07ic.) I wish 
to make an observation with regard to the expense of the line : the 
cost of the present experiment has exceeded 250/. per mile. We 
will assume that it cannot safely be reduced, diough I think with 
move experience it might be ; if we consider that the cost of^laying 
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down tlio whole telegraphic line from London to Bristol will he 
only tile cost of one mile of the railroad itself, the expenditure will 
not a[)pecir great, considering the benefits to be obtained ; this is 
less than one per cent, upon the original estimate of the expenditure. 
Now would it not be worth while to go to that expense to obtain all 
the advantages that will undoubtedly be obtained by the telegraph ? 
I will make a few observations with regard to the proposed Govern- 
ment line. The principal expense of laying down the telegraph 
line is, in fact, the iron tube and the other things connected with 
it. The mere cost of the wires is very little, not more than 6/. or 
7/. per mile each. As many wires may be put as you please in the 
same tube, consequently, supposing an iron t»ibe to be laid down 
from hence to Portsmouth, if wires for three distinct lines were en- 
closed within it, the expense of each line, considered separately, 
would be very eoYisiJcrably diminished. One line might be appropri- 
ated for the rail-road purposes alone, another for general commercial 
intercourse, that is, for sending messages for any parties who choose 
to pay for the accommodation ; and a tliird for the exclusive use of 
the Goveniment. There would be no difficulty, if the Government 
liave a telegraphic line thus associated with tire others, to make the 
terminations in their own offices, from the admiralty in London, 
for instance, to any office belonging to the same department at 
PdKsniouth, so that information may be sent vrithout communicat- 
ing with any persons but their own “clerks. If this plan were 
adopted, it would do away v/ith every objeetbn which has been 
made w'ith regard to tlie injury a private Company would do to the 
public, by having the exclusive means of intelligence in their own 
hands; %nd I am sure any railway company would enter willingly 
into an an^angoment, by which Government might possess an ex- 
clusive line at a very moderate expense, much below that at which 
they conld lay it down themselves. If the new telegraph of wliich 
I have spoken succeeds, and it has succeeded perfectly so far as cx- 
perimeiits have yet been tried, wc miglit place three telegraphs in 
connection with the six wires now ii-aed on the Great West«irn 
Railway, and these might be applied, as I have said before, to three 
specific purposes ; one exclusively for railway purposes, another 
to be let to any persons who choose to avail themselves of it, and 
‘another for Government objects. 

Would it be possible, by any portable instruments, for any third 
party to become acquainted with the messages sent on account of 
the governriient P If the government fearerl anything of that kind, 
they must use a cypher ; communte^ions by the electric telegraph 
would be far less publip than by the present visual mode; at 
present every-ttbtly knows when a telegraph message is being 
despatched, and any person acquainted with the signals might read 
it 

Is it not the case, that by a little attention any porspn can possess 
themselves of any cypher ? Very ingenious systems have certainly 
been d^cyphered, without any knowledge of their keys ; but the 
task is no esifiy one. An extremely simple and sate mode of cypher 
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has'been devised, by means of which a person may communicatt* * 
jwitli a thousand correspondents, it being impossible for any one of 
them to read what is intended for another. 

Mr. Freshfield. — Have you made a calculation of the probable 
length of time the apparatus will continue, without requfiring to be 
renewed ? That is a question I cannot answer ; but it conies to 
this : how long can the iron tube which contains the wires be pre- 
served; the wires themselves would remain uninjured for an 
indefinite period, if the tube be kept perfectly water-tight. 

Do you think the wear and tear of the apparatus from London 
to Ilristol would be less than the wear and tear of the railroad for 
one anile ? Far less. 

Mr. Loch. — Do you spell every word by the present mode.^ 
Some signals are used, but the words of a message are generally 
spelt. — (Mr. Saunders,) We have some convenlioiial signals; the 
others are spelt. While we were working the telegraph, we worked 
it for some time intermediately through the llaiiwell station, to try 
the effect of dividing it into different lines of telegraph ; there was 
evidently no perceptible difference of time from Drayton to Han- 
well, and from Hanivell to Paddington ; for the same party having 
a double* instrument an Hanwi^l, the instant he saw the signals on 
one he touched the keys of the other ; the effect is quite instantane- 
ous ; in tfiat way it mighf be sent to almost any distance. ^ 

(A description of tlie dial-plate of this telegraph, and of the 
arrangement of the tiaagnetic needles, and their helices, will be given 
in our next number.) — E dit. 


jSlix. — Oh Electro- Magnetic Coil Machines; By Thomas 

WwiGHT, Esq. • 

• . 

Deau SiR, 5 -Having been lately making some experiments witli 
a vit»w of determining the most efficient form wdiich can be given 
to the coil in electro- magnetic coil machines^ and having succeeded 
in pA)ducing a machine *of great power in proportion to the quan- 
tity of wire employed, I proceed to lay an uccoum of my experi- 
ments before the re.aders of your valuable journal. 

1 have long considered tliat both the intensity and quantity effects 
of these machines are due, rather to the intensity than die quantity 
of magnetism developed in tl\p central /:ore of iron wires. The 
coils which I have seen produced by the Londdti philosophical 
instrument makers have been invariably shgrt and thick, a form 
which I think very ill adapted to the purpose for which they were 
intended, as by this means a great quantity of magnetism is pro- 
duced, but possessing very little intensity. 

During the course of experiments which I instituted I en^ployed 
11 coils, the struefure of which was as follows: — 
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No. I, consisted of a core of soft iron wires 1-40* of incli 
in diameter, and foui' inches long, wound with 40 yiurds of coppeA' 
wire 1-1 O’. 

No. 2. Core one foot long, half an inch in diameter, iron wires 
1-60; battery helix 40 yards l-l6; superimposed helix 60 yards 1-40. 

No. 3. Core two feet by half an inch, iron wires 1-40, battery 
helix 60 yards l-KJ, superimposed helix 60 yards 1-40. 

No, 4. Core one foot long, one inch in diameter, iron wires 1-40, 
helix 40 yards 1-16. 

No. 5. Core two feet by half an inch, battery helix 40 yards 
1-10, superimposed coil 60 yards 1-16. 

No. 6. Core one foot and a half by half an inch, helix twenty 
yards I-IO. 

Nos. 7 and 8. Cores each eight inches long, by a quarter of an 
inch, iron wires 1-6^9’ battery helices each 25 yards 1-16, super- 
imposed helices each 50 yards l-60. , . 

No. 9. Cove eiglit inches long by half an inch, iron wires 1-20, 
helix 25 yards i-lG. • 

' No, 10. Core eight inches long, half an inch square, composed 
of seven stri})s of sheet iron carefully annealed, battery helix 3(> 
yards 1-16, superimposed helix I00«yards 1-60. 

No. 11. A compound U shaped bar 20 inches long, and two 
ini^l^es in diameter, composed of hoop, iron riveted together and 
wound with eight copper wires 1-16, 20 yards long, all covered 
together so as to form a single helix ; the whple apparatus being 
fitted up with a revolving armature for the purpose of breaking 
contact with the battery. 

The effects of the above coils when connected withja seven inch 
pair of zinc and copper plates excited a la Midlins were as follows: 

. 1 Number nf tccouds 

Shock. Simrk. 1 l!!:’?;;*., 1 uuired to produce a 

measure Oaa. 


Spark. 

Small aud brijihl 


ScintilluMoii, 
from orsUtl. 

V'fcry poor 


Vtry fjood 


1. Scarcely i>€iceptihlo', 

2. Fr<J7ii t'a<*h belix 

.'■troop;, with both unitedt J.arge, bi iglit, ai.d SJiap-| 
would fasten wjili drj’jiijig '^j 

bauds. { * , 

a. Wini both helices Much lurpei but les^^j 
uuil«d.M«sivtlx»tn,ngl.ri!<l.t,h»vi,,«an^binK',,^ 

,rsrof '“miu »» s™’-' 

.trujjpowder 

4.^ Effects similar to: No. 1 

6 i Shock not so pood'Vcry similar to aNo, 2 

as No. 2. I 

0. Shouk just jicrcep*; Large and briglit 
title. I 

7 & 8. Each of these' 
coils with united helice'‘‘.o.,i, ... 
frfves a powerful shock, both battciy he-j 
biitwheu muted iu 

kngtli of 141) yards ‘’.'fi 

•b^ is stronV t'i 
any I have yet expert 
unedd. 

9 , AH Che effocLs very ludifferknt . 

10. Not perceptible 
with battery helix,would 
not fa.stoa with tKith he- 
Ucee united. 




not tried 
18 ' 


\ I'ts l)eaiilifuJ 


bnglikr and larger than 
‘last 


jLargcnnd bright 


\'eiy good 


* Thiv diameter of the wiies in frnctiniial purls of hu inca. 
i When the hoJiccfs arc mijii tinned as united, it b meani that the cnxi of the 
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1*1. The -eftects Iroin this helix witli the small l>?iUt:ry »bovc- 
yiientioned were not so good as from Nos. 7 and 8 conjoiiK^d ; 
when however it was connected with a series of lour of Oaiiiel s 
ceils 3 feet high by 4 inches in diameter, the sparks and scintilla- 
tions were very splendid ; the decomposition with this battery were 
not tried, as I had not then a decomposing apparatus at hand. 

All the iron used in the above coils was carefully annealed and 
the copper wire new aiid had not been coiled at avy frevioiia lime. 

From the foregoing experiments it would seem that the most 
edieient form that can be given to these machines, is that of an 
elonga^^ed helix enclosing a core of ihin soft iron wires ot’ not more 
than a quarter of an inch in diameter, and that if it sliould be re- 
quired to increase the size of the machine, the number of coils and 
not their diameter or length, should be multiplied. I’lie most 
advantageous length for the battery cun ent se%ms to be about 20 
or 25 yards, 1 Urn not, however, quite sure as to this, with regard 
to decompositions. 

If the coils are multiplied great care must be taken that tia? 
length of wires, texture of metal, and method of coiling are exadhj 
similar in each coil, fttherwise the stronger currents will dse the 
wire of the iVeaker ones as partial conductors, and thereby very 
greatly deteriorate the action of the whole of them : thus if we 
unite a helix of 40 yards an8 one of ( 0 in a double strand we slfill 
not obtain near so strong a shock as from cither of them singly ; 
but if we unite two helices of equal length, the shock is sometimes 
better, the decomposition and deflagrations always so. 

I have fitted up tlie coils 7 and 8 with my vibrating electrotome,* 
described in a late* number of the ‘^Annals”: and by a» particular 
arrangement of springs pressing against each other in various direc- 
tions, I can instantly varj^the qmmtity or intensity of the current, 
s^s to obtain it from lengths of 25, 60, 1 00, or 1 50 yards, or from 
a double length of 25 yards. 

The foot-board of the machine is hollow in order to admit a jidt 
bafteryjanderneath. • 

Flat Batlern , — Having noticed, (as I have no doubt many of 
your readers have) that in the oi dinary cylindrical battery, the salt 

• ' 

helix is joined to the commencomciit of the upper one so as to fai*m cn© 
continuous coil, the battery current being passed through the thicker helix. 

I With this coil and both helices united, I was enabled to imitate the action 
of the Gytanotus Electricus with groat success, by inserting two pieces of tinfoil 
in a tub of water and conneiitiug them with the coil ; if the hand was placed in 
the water a shock was immediately l^lt which was very severe when both hands 
were immersed. 

* In my published description of this electrotome I was mrry to perceive an 
error in the drawing ; the contact was there shown to be broken at tho end of 
the spring, whereas it ought td have been at a pointsabout an inch and a half 
nearer the middle of it; an electrotomo thus constructed will vibrate a little 
time after being jerjeed by the finger, without the aid of tho coil; it will be 
advisable to have tho touGhing.pointa, which should he tipped with platina; 
the spring should be about four inches long and press strongly on ih© brass bar 
against wliicli it vibrc^les ; some of the electrotomc>s that I have thus made are 
guile musical. 
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in the cupreous solution is very liable to subside, by means of 
which, the action, when long continued, is in a great measure con- 
fined to the lower part of the arrangement, which is evident from 
the copper becoming considerably thicker at the lower, than at the 
upper part, I was led to construct a battery in the following 
inanner : — a piece of thin sheet copper was bent up at the edges in 
the form of a tray, in the inside of this was placed a similar tray 
of thin mil-board, cemented at the sides, and furnished with small 
legs of sealing wax. — Zinc and salt* and water in the mill-board 
tray — sulphate of copper in the copper one. 

This battery has many advantages : — it is contracted at an ex- 
pense not greater than the cost of the materials — the action is very 
equable — and it can be easily slipped under the foot-board of anV 
piece of apparatus to which it may be applied ; if it is required to 
employ a series of 'ihem, they may be piled upon each other, the 
w'ires of the zinc plates pressing with a spring on the copper next 
above ; and as it it is not necessary that the trays should be more 
than an inch deep, a large* battery on this construction might be 
packed in a comparatively small space. 

Mr. Uriah Clarke lias, I atn sorry to observe, accused me of 
copying his electro-magnctic macKlne ; this is certainly not the 
case, and if necessary 1 could adduce proof to the contrary ; I 
cai^iiot say however that I see muefi resemblance in the two 
arrangements furtlier than that they have each a reciprocating mo- 
tion ; I consider Mr. Clarke*s much superior to mine as to the 
crank point, though I think he will find that great power is gained 
by partially continuing the armatures on the magnet. I have not 
proceeded with my engine, as I fancy I have hit upon a more effi- 
cient plan. I have very little expectation liowever of these engines 
being applicable to the working of machinery at least economi- 
cally. They are very interesting toys. 

1 am, my dear Sir, 

• Very truly your's, 

Willmn Sturgeon, Esq. THOMAS WRTCHT. 


» 

L . — On the Theory of JEiherficalion, ( Mlkerbildung) ; By Pno- 
FEssoR Heinrich Rose. * 

, It is known that many salts of the oxide of bismith, of the oxide 
of quicksilver, of the oxidb of antimWy, and other metallic oxides, 
become decompose by water. They, usually, by that means be- 
come trai^onned into^basic salts : but sometimes by tlie application 
of a sufficient quantity of water, the decomposition proceeds to the 
separation of ]mre oxide ; as, for instance, with tlie nitrate of the 
oxide of quicksilver. 

The fexplanations which are usually giyeij of these decompositions 
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is, that we a.clnfiit that tlie water resolves the ncMitral salt ol* a metallic 
nxide into an acid and a basic salt, in a similar inaniicr to that in 
which nitric acid transforms red super-oxide of lead into prgtoxide 
of lead, and brown super-oxide of lead. But the existence* of acid 
salts, which, by the influence of the water on several neuJral salts of 
metallic oxides, as has been supposed, is pot satisfactorily proved : 
for in most cases the water takes only a ^rt of the acid from the 
salt, and this dissolves some of the neutral salt, which, near the 
point of concentration of the acid solution by evaporation, in most 
cases crystallizes and separates as a neutral salt ; and but very 
seldom as a double combination of neutral salt and acid hydrate. 
In many cases the quantity of salt which dissolves in tlie acid is 
exceedingly small ; sometimes not any, and the whole q!uintity of 
the oxide forms an insoluble basic salt. 

'fhe easiest explanation which we can give ^)f these decomposi- 
tions by water, .appears to me to be this, tliat it is the water which 
acts as a l)ase, and separates the oxide as a basic salt ; or, sometimes 
even in a pure condition, aiuh combirtts with the acid to form a 
hydrate. This explanation will become the more admissable as we 
have already been accustomed to consider the hyrlratcs of acids as 
saline co\npo*inds, in which tl»e water represents a fixed base. It 
is well known what fertile inferences for the whoh^ theory of clic- 
mistry have been drawn by^Ahesc views of the nature of the act^n, 
and especially by Graham, •Berzelius, and laebig. 

In fact, it is particularly the salts ol* such metallic oxides as are 
not possessed of strong basic properties which by water become 
decomposed. The salts of the more formidable bases do not dis- 
play this phenomenon. 

According to this view these decompositions are analffgous lo the 
conversion of the red oxide of lead into the brown super-oxide and 
the protoxide of lead by \tieans of nitric acid, only that they are of 
a'^lirectly opposite kind ; for the strong acid, in a combination of 
protoxide of lead with the peroxide, expels the electro-negative 
bc|(ly, and combines with the basic. 

The water occurs, also, as a base in other cases, and sometimes 
displaces oth^r bases from their combinations. As, however, it 
alway.s belongs to the weaker bases, and is at the same time volatile, 
$u9h| cases arc not very frequent. But although itself volatile, it 
can expel tlie volatile oxide of ammonium from its combinations. If 
a solution of sulphate of tlie oxide of ammonium be boiled for a long 
time it becomes acid, and provided the boiling be in a retort, a 
fluid, containing free, ammonia, distils over into the recipient. 
This result obviously proceeds from the water, as a base, ex^jelling 
the oxide of ammonium, (whiclf in a /ret? stale camot exist, but is 
resolved into ammonia and water) from its combination with sul- 
phuric acid, with which it enters into a combfnation. The quantity 
of the sulphate of the oxide of ammonia, which, in this way, be- 
comes decomposed, is certainly very small ; we must, however, 
consider that the oxide of ammonium belongs to the most powerful 
bases, and this result is principally to be attribnt(*d to its Superior 
volatility. • 
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ff we apply the foregoing explanation of the decomposition of 
many salts by water, to the theory of /Etherification, much simpli- 
city will be derived. 

ilerzelius and Liebig have adopted the view, that tlie sether may 
be regard^'d as a base* which view has found such general appro- 
bation that it is becotne almost universally adopted, at least in*^ 
Germany. # 

It is known that the salts of the oxide of a^thyl, (the compound 
anthers) by bases, become more or less easily decom]) 08 ed wh^ 
water is present ; for those bases associate themselves with the acid 
of the compound, and liberate the oxide of lethyl as a hydrate 
(alcohol.) 

The same decomposition, nevertheless, is also caused by water, 
which, in tliis case, obviously operates as a base. Some coin])ounds 
of the oxide of retliyl become as easily decomposed by water, as by 
the operation of many other bases ; as, for instance, is the case with 
oxalic {ether, which, by w.nter, becomes resolved into Jiydrate of 
oj;alic acid and alcohol. To accomplish this transformation it is 
not necessary to employ a high temperature, because it takes place 
even at the common temperature, and, indeed ,»in a very short time. 

The acid sulphate of oxide of tetlijl, or rather the combination of 
the sulphates of the oxide of {ethyl with hydrated siilpl^uric acid, 
(stfclphovinic acid) in its solution in water, also suffers a precisely 
similar decomposition. Even at the coVnraon temperature, in this 
case. Mill alcohol and hydrate of siilphurii^ acid be gradually 
formed : but their formation is much quickened by boiling. 

This process may also be easily explained on the supposition 
that the water operating as a base liberates tlie ojiide of a>thyl from 
its combination with the sulphuric acid, which, at the moment of 
separation, takes up water and forms alcohol. 

The aqueous solutions of nearly all tfie sulphovinates becoi:jjiO 
similarly decomposed, and especially when boiled. Alcohol and 
water evaporate, and in the solution is formed a so called acid sul- 
phate, that is to say, a double compound of the neutral salt, ,whic<i, 
with the hydrate of sulphuric acid, pre-existed in the sulphovinate 
salt. 

If sulphovinic acid be heated with only a small quantity of 
water, no alcohol will be obtained, but principally hydrated \,ul- 
phuric acid, and pure oxide of a*thyl, gr aether. There is not a 
sufficiency of water present to transform the liberated tether into 
alcohol. ^ 

If alcohol be mixed with hydrated sulphuric acid, sulphovinic 
acid .becomes formed, or a double copipound of neutral sulphate of 
oxidejof aethyl With the hydrated sulphuric acid. By the forma- 
tion of sulphate of oxide of a?thyl twro atoms of water are set free ; 
one from the hydrated sulphuric acid and the other from the alco- 
hol. By heating the mixture, one of these IVec atoms of water 
liberates oxide of sethyl from its combination with sulpliuric acid, 
combines with the acid, and forms hydrated sul])huric acid. 

But wliy does not the aether combine with wate^ at the moment 
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it is liberated, and thus form alcohol ? The water is siifficienlly 
plentiful, because the liberation of the aether requires only one atom 
of water ; and at the formation of sulphovinic acid, even .when 
anhydrous alcohol is employed^ twoatoiiis are set free. 

It is known, that sulphuric acid can take up more thaiPone atom 
bf water to form a hydrate. We know, also, that, besides the 
common hydrate with one atom of water, there is a second, which 
can be prepared in a crystalline state, and which contains two atoms 
of watei^ This compound corresponds to a basic sulphate salt. 

The disposition of the Iiydrate of sulphuric acid to take Mp more 
water is very great, and it is employed on this account for v.ivious 
purposes in our laboratories. It is this which prevents tlie aether, 
originating From the decomposition of the sulphovinic acid, from 
taking up the second atom of water ; but if the mixture is uninter- 
ruptedly boiled for some time, the hydrated ffulphuric acid loses 
the acquired water, which may then be distilled over in company 
with the a'ther. ^fhe aether may therefore, from a foiling mixture 
of the hydrate of sulphuric acid iftid alcohol, be distilled over at th^ 
same time with water ; but they are not the products of one> 
but of two chemical processes, which are both active together in 
the boiling mixture. 

At the commencement of the operation, but very little water 
passes over along with the* Atlier and tliat alcohol contained in tffe 
mixture, which hass not been converted into sulphovinic acid so, 
that tlie water remains dissolved in the distilled alcoholic »ther, and 
does not separate : the quantity of water increases by further dis- 
tillation, especially at a high temperature, when the quantity of 
tlie second hydrate*of sulphuric acid has augmented. 

Anhydrous alcohol is scarcely ever employed in the preparation 
of ffither, but generally hydrated. It is evident that in the latter 
c:^ the (Quantity of the second hydrate of sulphuric acid must be 
considerably increased. The experiments of Liebig, Magnus, and 
Marchand have shown that in the.cold this second hydrate cannot 
form su]jihovinic acid with alcohol, but does so at a higlier tempe- 
rature, and therefore that such a mixture on bailing can give apther 
by distillation. But it is known that by employing hydrated, 
or even anliydrous alcohol, there is always a portion of it ivhich is 
not^c6iiverted into sulphovinic .acid, and thiS quantity may be dis- 
tilled as alcohol from the mixture. A second portion of valcohol, 
which distils over in company with the tether, in the formation of 
tether, may, however, Ije protluced in this way, — that ather and 
w^ater arc ' contemporaneously disengaged from the mixture, and 
combine to form alcohol ; for it produced only in this way when 
a solution of pure sulphovinic acid is boiled with ifiuch water, or 
compound aethers decomposed by water or^by the hydrates of 
bases. 

When, however, from the tendency of the hy^ate of sulphuric 
acid to take up more water, aether has been evolved from a mixture 
of alcohol and sulphuric acid, it does not take up any water after 
being once separated; but water may be distilled over by h*eating 
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tlie diluted sulphuric acid. We know that when iTi'ther is treatecf 
with water, or even dissolved in it, no alcohol is lornied. When 
a'ther ds once separated from a compound of oxide of iethylj tlie 
former can in no way be converted by water into alcoliol. Only 
when, as above o])served, tlie a'ther comes in contact with water at 
the moment of its exptjlsion does it form alcohol with it. 'fhe 
contemporaneous disen^aj^einent of aether and water, from a boiling 
mixture of alcohol and the hydrate of sulphuric aci 1, shows therc*- 
fore quite evidently that both owe their origin to two <distinct 
processes^ 

Moreover, it is by no means an .inomalous pha nomenon that a 
base, w))ich is cajiable of forming a hydrate, docs not cm ibinc wjth 
water nhen brought into contact with it in a pure slate ; a gre;.t 
iiumher of cases of this kind occur in inorganic chemistry. We 
ncetl only compar<f a'ther with that mnnerous class of ignited 
()xidcs in which so compact a state of cohesion is produced by heat, 
that they not only witlistand the action of water, but even entirely 
or partially that of acids, to find abundant proof of sucli analogies. 
The ignited oxides with these properties alway.s l)elong to the 
weaker phases, under which a'ther must necessarily be classed- 
>^ther may be assimilated to these oxides the more, as it like tliein 
combines directly with acids w ith difficulty. 

5Cut even among the stronger bases find some whose relations 
to water resemble those of tether. When oxide of copper is pre- 
cipitated in the cold by ba.ses from solutions cit salts of the oxides 
of copper, '^it appears as a hydrate of thc?^ oxide of copper ; which, 
liowcver, on being heated under water, loses its water, and does 
not take it, up again when left in contact with it at a higher, or at 
the common temperature. 

To find out at what period, in the preparation of icther by boil- 
ing a mixture of alcohol and sulphuric acid, water commences ^*0 
j>ass over, M. Wittstock, at my reque.st, instituted a scries of experi- 
ments, which he had tlie kindness to communicate to me. 

Tw'o pounds of the hydrate of sulphuric acid were mix^^d cOld 
with two pounds of anhydrous alcohol, the mixture wa.s made to 
boil witli all possible h.aste in a retort, the distilled products, well 
cooled, were gradually received, and the distillation continued uptil 
the contents of the retort boiled over. 

I'he Aveight and specafic gravity of the products were determined 
as they distilled over in succes.sion. The results are as follows 
First distiUatioH : »‘l drachms 50 grainf ; spec. gr. 0-77fi*; pro- 
duced before the boiling of The mixture. The following 
prodiictN passed over after its boiling : — 

Second : * :i ounces G drachms ; spec. gr. 0*808. 

Third : 8^ounces 6 drachms ; spec. gr. 0 800. 

Fourth: 8 ounces 6 drachms ; spec. gr. 0*786'. 

Fifth : 3 ounces 5 drachms 50 grs. ; spec. gr. 0*776'. 

Sij't/i: 4f ounces 1 drachm 50 grs. ; spec gr. 0761. 

♦ 'l’hc*‘^p(Tin«- pravitipfi, both hnre well as those to mcntioii*Ml subse 
<(«.*ntly, weir all (lolerraimcl at Roama. l''ahr.\ 
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Svvenlh : 1 ounce 7 clraclmis 10 grs. ; spec. gi. 0-809. 

Kighlh : I ounce 2 clraclmis. 

'rile first five products consisted of a single liquid ; the siitlli was 
tile first in which a layer of water and of aether were perceptible, 
'fhe fjnantity of separated water amounted to II drachms ; tlie 
lethercfil liquid liad the specific gravity mentioned above. The 
seventh product consisted in volume of tw j parts water, and three 
parts of an a*tliereal fluid of the specific g *avity stated ; the eighth 
consisted almost entirely of water, above wliieh floated a very thin 
layer of icllier, which was coloured yellow by oil of wine, 'fhe 
contents of the retort boileil over on the continued application of 
licat. 

Tlie first five products consisted of alher mixed with alcohol, 
which last was contained in the retort as such, and not converted 
into sulphovinicacid, and evaporated from thetnixture in company 
with the mtlier. The first product, which distilled over at the 
lowest temperature, contained,^ to judge from its -specific gravity, 
niiK'li fpther, and little alcohol, quite ripposed to the general opinion 
that a*thcr is only formed at the boiling-point of the mixture. The 
succeeding jiroducts* graduall}^ became, according to their specifiic 
gravity, constantly more trthercal, and contained less alcohol ; but 
only in Uk* sixth prod uct^as there so much water that it separated, 
and the quantity increased ,m proportion as the distillation was Con- 
tinued. * 

The first six pnafucts smelt but slightly of oil of wine; but the 
seventh contained a portion, and also smelt of sulphurous acid. 
After the first seyen products had been mixed together, and the 
separated water removed, they had a specific gravity of, 0 788. 

It is well known that mther is prepared, of late, in the most ad- 
vantageous manner, by ;)Jlowing a small stream of alcoliol to flow 
cmstantly into a mixture of alcohol and the hydrate of sulphuric 
acid. It has been denied that the presence of siilphovinic acid is 
of essential influence in the formation of fcther, and asserted that it 
is^iot necessary tliat the fofmation of this acid should precede that 
of fctlier, because in the method of preparing *a;ther alluded to, the 
boiling mixture must be constantly at a temperature of 140® cent., 
at^whicb sulphttvinic at id could not exist. ^ I^ut at the ])oint where 
the current of cold alcohol flows into the boiling mixture, the tem- 
perature is under 140"^ C.^ The sulphovinic acid formed is decom- 
posed it is true, in a very short time, from its soon acquiring the 
temperature of tlie boiling liquid. The preparation of aether, ac- 
coi-ding to the above method, consists therefore in a constant Ibrin- 
ation, and continual decomposition of suljdiovinic add. It is a pretty 
generally entertained opinion that the production of aether from a 
mixture of alcohol and sulphuric acid, is sol-?ly effected by the boil- 
ing of the mixture, which takes place at a high temperature, about 
1 40® C. Ill many works on chemistry we meet with the asser- 
tion that when a mixture of sulphuric acid and alcohol are heated • 
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at a temperature, not high enough for it to boil, no a?ther, bat merely 
anhyclrous alcohol, is obtained. 

Were this assertion correct, it would be an important objection to 
the hypothesis I have advanced ; for, according to that, it would be 
somewliat flifficult to explain the circ urn stance why the oxide of 
tethyl is separated at a lower temperature, as a dydratej and at a 
liigher one in an anhydrous state. 

But this common opinion is founded on an error, which to me is 
quite incomprehensible. /Ether is obtained even from a mixlitre of 
the hydrate of sulphuric acid and anhydrous alcohol, when distilled 
in a water-bath, at a temperature which need not always amount to 
the boiling heat of water. It is not indeed requisite to employ an- 
hydrous alcohol, hut the hydrated, of qO per cent, 'fralles*, to obtain 
;ether from a mixture at the above-mentioned temperature. 

Mr. Wittstock, at# my request, had the goo<lness to institute a 
series of experiments on this point, and communicated the result 
to me, 

J. Fifteen ounces of anhydrous alcohol were mixed in the cold, 
with an equal weight of the hydrate of sulphuric acid, and the mix- 
ture dii'tilled at a temperature at which it coukl not boil strongly. 
The products, well cooled, were sficcessively rcceivdd, and the 
temperature at which they passed over accurately noted. , 

\Firsl product : 1 dr. 10 grs., spec. ^r. O.Si 7> 

passed over at from 60® to 80*^ Ih 

Second product: 3 oz. 1 dr. 10 gr., spec. gr. 

0.7()2, passed over at from q()° — 93^ „ 

'Third product : drs. 57 grs., spec. gr. 0.772, 

passed over at from 75^ — 80“ „ 

Fourth product : 2 oz. 40 grs., spec. gr. 0.749, 

passed over at from 90 “ — OG'i ,, 

Fifth product : 5 drs. * ^ 

When the mixture had reached the temperature of 00“ it began 
to boil very slightly ; the boiling, diowever, subsequently ceased at 
this temperature, but even then lether *was disengaged trnjrn tliK 
mixture in bubbles, just as carbonic acid gas escapes at, the common 
temperature from a liquid strongly saturated with it. 

From these experiments it is evident that apther ip formed at far 
lower temperatures thafi is usually supposed. The first product 
smelled indeed strongly of Jither ; but chiefly consisted, which is 
also indicated by the specific gravity, of alcohol, which had not 
been converted, by mixing with sulphuric ,acid, into sulphovinic 
acid ; aither could not be separated fntm it, either by water or even 
by cliloride of calcium. Jhe secoqd, third, and fourth products 
consisted, on theVontrary, principally ol aither, which could even 
be separated by mere washing witli water. The fifth was the first 
that contained frc(* water, and indeed, in volume, more than the 
half. The specific gravity of the icthereal lic^uid floating above it 
• That is 90 per cent, absolute alcohol by voUimc. 
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was not determined. This last product distilled over very slowly, 

■ although at times the temperature w%as raised to 100^ li. 

Ft results from these experiments that .ether wliich is produced 
at lower temperatures than is requisite to boil the mixture, is at the 
same time purer, and contains less alcohol and water than .ether 
which has been prepaied by strong boiling. A comparison of tlie 
specific gravities with those previously mentioned, set this evidently 
beyond all doubt. At a low- temperature the water especially 
escape* later, and therefore only in the last product could separated 
water be observed, a proof that it is not disengaged in company 
with the a;ther. 

I f . A second series of experiments proved this in a still more 
decided manner, so that there can no longer remain any doubt on 
the subject that a'ther can be evolved in abundance at the boiling- 
point of water. * 

Seventeen ounces of anhydrous alcohol of s])ecific gravity O .792 
were mixed cold with 18 ounce§ of the iiydrate of sulphuric acid, 
and the mixture subjected to distillation in a water-bath whoSe 
temperature frequently did not even attain th.it of boiling water. 
The quajitities takeif are in tht^proportion of single equivalents of 
each of the substances employed ; they were t.iken in this propor- 
tion, partly because it approaches that which otherwise is employed 
in the preparation of '.etliei\*when equal parts by weight of alcmiol 
and sulphuric acid arc employed, and also in order to have no excess 
of sulphuric acid. * 

I'he results of the experiments are as follows r — 

First product ^ S drachms. 

Second product : 3 ounces 6 drachms ; spec. gr. 0*7^5. 

Third product: 3 drachms ; spec. gr. 0-745. 

Fourth product, ^ 

^ven the first product consisted of nearly pure aether ; for a so- 
lution of acetate of potash separated aether from the liquid to the 
amount of two thirds of its volume. 

I’he fourth and last products contained free.w^ater, and consisted 
of nearly half^of it by volume ; but it distilled over so slowly in 
the water-bath, that several hours were necessary to obtain a few 
dr^nhms of it. From the specific gravities y; will be perceived that 
the s'Bcond, and especially the third product, consisted of ivther far 
more pure than is obtained* in other modes of jueparing that sub- 
stance. 

III. As the idea is s» general, that ecther is formed from a mix- 
ture of alcohol and sulphuric acid only on boiling, and as in the 
usual mode of distilling, hydrated, and not anhycj^-ous alcohol is 
employed, a new series of experiments were performed with the 
former. • 

A pound of alcohol of 90 S Tralles, such as is usually employed 
in the preparation of aether, was mixed in the cold with a pound of 
the hydrate of sulphuric acid, and the mixture subjected to distil- 
lation in a water*b|ith, as in the second series of experiments^ The 
results were ; . 
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First predict : 4* drs. 36 grs. ; spec. gr. 0.833. 

Second product: 2 oz. 4 drs. 20 grs.; spec. gr. 0.787. 

Third product : 4 drs. 50 grs. ; spec. gr. 0.789, 

* Fourth product: 5 drs. 17 grs. ; spec. gr. 0.789- 

Fifth product. 

The iirst product consisted almost entirely of alcohol, as indi- 
cated by the specific gravity. The succeeding ones contained much 
tether, or consisted mostly of it. Free water also was evident in 
this case only in the fifth and last product, which consisted ^of one 
drachm of liquid, of wdiich only one fourth was separated w'atcr. 
To distil this small quantity over, it wvis necessary to heat for more 
than five hours. 

The tether obtained from a mixture of sulphuric .acid and al- 
cohol, at the temperature of boiluig w.ater, is far more pure, as may 
be anticipated, andrs indicatcil by the specific gravities of the pro- 
ducts, w’hen anhydrous, instead of hydrated, alcohol is employed. 
The ivther obtained iVom hydrated alcohol in this way contains 
more alcohol, because u pon* mixing ‘hydrattnl alcohol with sulphuric 
acid, less is converted into sulphovinic acid, and more remains in a 
free state in the mixture, th.an when absokitc alcohol is used. 
According, however, to the theory fidvanccd in this fnem'oir, only 
that portion of the alcohol can prodnee a ther which lias, been con- 
vdrted into sulphovinic acid, and thfs’iether distils over when 
heated, in company Avith the free alcohol. 

'I’he fact that a ther is produced from a mijtture of alcohol and 
sulphuric acid even at the boiling-point of water, is indeed highly 
important in the theory of the formation of .ether, and by this 
method th^* jcther is also obtained more pure, csp’ecially from Avater, 
and of a far lower specific gravity than when distilled at a boiling- 
heat ,* but it is not convenient in the preparation of icther, in so far 
as at this low temperature the ;^jther, and particularly the last p^- 
ducts, pass over Avith great slowness. 

One fact, however, seems not 40 admit of being quite satisfac- 
torily explained by the present theory.** Seeing that wdter^.acts*as 
a base upon the oxide of lethyl, and disengages it from its com- 
binations, it must appear surprising that stronger bases than Avater 
do not effect this separation still more perfectly. JRwt solutions of 
the sulphovinate of podish and soda may be treated Avith an enSeas 
of potash Avithout the oxide of lethyi being expelled ; and even the 
salts of the alkaline earth.s can exist in contact witli an excess of 
base. 

Hut there seems to be a differeftce in properties between the 
double compound of the^ hydrate pf sulphuric acid with the sul- 
phate of the o^ide of aethyl and the other sulphovinates. The 
former is far easier dqqomposed by water than the latter ; but this 
fact is by no means without analogy. Water is able to decompose 
many salts of the oxide of antimony, and displace the latter from 
these combinations as a basic salt ; but the combinations of the 
oxide of antimony with tartaric acid, and other unyolatile organic 
acids, are not decomposed by Avatcr. ' 
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Accorclni^r to tlie earlier method in use, tether was hbtained from 
*:i rnixture of equal parts, by wei/rht, of sulplmn'e acid and alcohol ; 
but there fs more alcohol at the commeiicorncnt than is requisite. 
In the progress of the distillation^ however, the quantity of siilpliu- 
ric acid becomes constantly predominating, in proportion as the 
alcohol passes over as .ether ; and from the great excess of the 
hydrate of sulphuric acid, the liberated mther is itself decomposed 
by the boiling, which in this case takes ])lace at a high temperature, 
and is«tben first converted into a double compound of the sulphate 
of the oxide of a;thyl with sulphate of letlierol (Weinol.) ; and 
lastly clianged by the boiling into olefiant gas, from the presence 
of too great a quantity of the h3’drate of sulphuric acid, and from 
too high a temperature. 

This change of mtlicr into oil of wine and olefiant gas, by an 
excess of sulphuric acid and too high a t(‘iYfl[)erature, is not tlie 
3 Ysult of a mere deprivation of water, as might be concluded from 
a comparison -of the composition of these substances with that of 
ajlhcr ; for as soon as the sliglitest tr;fce of oil of wine is evidetit 
in the formation of the mthor, a corresponding trace of sulphurouEi 
acid is jclisengaged,\he (pianti^ of whicJi becomes more consider- 
able if olefiant gas is formed, 'fhe production of sulphurous acid 
stands therefore in definite connexion with that of the oil of wine 
and olefiant gas. Since tlje origin of tliese two bodies takes place 
only at a high temperature, especially that of the olefiant gas, tJicse 
substances iindoubterlly owe their origin to a similar action of sul- 
y)huric achl on jcthcr, as this acid exerts on other bodies of organic 
origin at high ten^peratiires. Tlie sulphuric acid is coloured black 
by these, at the high temperature, with the evolution sulphurous 
acid and separation of a carbonaceous substance; the same also 
takes place in tlie distillijjion of aether, when continued to the pro- 
duction of oil of wine .and olefiant gas. 

'fhe origin of tliis coaly matter, wliich lias recently been ex- 
amined by Erdmann and Losc^^, stands therefore in connexitm 
>^!tli that of the sulphurous acid, oil of wine, and olefiant gas ; 
consetpieiitlj'ip tlie formation of this body is *the result of another 
proces.s, which very likely has tiothing tu do with the formation of 
t|^* fcther. • 

\Then therefore letliev is prepared froin a mixture of sulphuric 
acid and alcohol .at a ver3rlow temperature, it is perfectly free from 
oil of wine ; aiul, in fact, not a trace of that substance could be 
observed in the first products which wliere obtained by tlie above 
distillations, not only in those th.at were performed in the water- 
bath, but also in those which were cawied on at a gentle heat in 
the sand-batii. Even the last products appearetf to be perfectly 
free from it ; but if a considerable quantity of the tethereal liquid 
was evapoiMted on blotting paper, a very slight smell of it might 
be discovered, a trace however so insignific.ant, that individuals not 
well acquainted with the odour of oil of wine could not perceive, 
it. Moreover, )yhen the distillation was at. an end, the ^esiduum^ 

^ • I’oggendorir*; Jmuilnij vol. xlvii. l». 
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in 'the retard was, it is true, of a dark colour, but not deep 
so that it resembled a brownish vitriol, such as frequently occurs 
in commerce ; the residue smelt as sli/^htly of sulphurous acid as 
the distilled aether did of oil of wine. Not a trace of carbonaceous 
substance Vas separated. I'lic process by which oil of v\ine is 
pi*oduced, commences, therefore, in the mixture prepared for the 
distillation f>f aether, even at the boiling-point of* water, at least 
when this is long cOi^inued ; but even ihen the formation of this 
body at that temperature is (luite trifling in amount. ^ 

When icther is distilled from a mixture of sulphuric acid and 
alcohol in the water-balh, we obtain, as is evident from the above 
results, less ivtlier than we might expect from the quantity of alco- 
hol employed, and the residue weighs mori^ in proportion. In the 
last senVs of experiments described, in which aitijcr was prepared 
in the water-bath, tjie residuum, on employing 17 ounces of abso- 
lute alcohol and IS ounces of sulplmric acid, weighed 27 ounces, 
and the distilled alcohol aether ounces ; the loss consisted partly 
ip the water distilled, the quantity bf which was not determined, in 
volatilized vether, which in this case volatilized the* more, as it was 
nearly pure, and also in the loss w’hich occurs 4)y pouring out. On 
employing one pound of hydrated* alcohol and one pbiiiul of sul- 
phuric acid, the residuum weighed 20 J ounces, the products 4 
Guides and some drachms ,* the loss cmiVisted partly in the water 
which passed over, the quantity of whicli was not accurately deter- 
mined. In both cases therefore, besides water/ a'ther also remained 
with the sulphuric acid, urdoubtedlv as isa*thionic acid, probably 
also in part as aethonic acid. It is very probable that the products 
which present themselves with tether in a distillation when long 
continued aiid at higli temperature, are produced, not by the direct 
decomposition of the tether, but by the decomposition of the 
istcthionic acitl, occasioned by the cxet.s? of sulphuric acid an<^a 
high temperature ; such as the precipitated carbonaceous substtmee, 
the .siil[)lmrou.s acid, oil of wdne, ^nid lastly; the olefiant gas. 

It is w^ell known tliat tJie formation oc’ tlicse products isg^neniJIy 
avoided in the prejiaration of tether by the new and piost profitable 
method, in which, as rether passes over, a like quantity of alcohol 
is allowed to How into the boiling mixture, 'flie action of an excess 
of sulphuric acid on tlit tilcoliol, or rather on the isa^thionic acWf at 
a high temperature, is thus prevented, 

When formerly the production of iether was sought to be ex- 
plained by the subtraction of the water frtyn it, by means of sul- 
phuric acid, it might with inucli justice be objected to the present 
explanation, that other b(Klie.s, which Jia' c*, like sulphuric acid, a 
great affinity t(# water, such as the hydrate of potash, chloride of 
calcium, &c., are not ^able to transform alcohol into iether ; but 
this objection now falls entirely to the ground, as we know that 
the aether is not formed by any subtraction of water, but by the 
decomposition of the sidphovinic acid. 

If aether is regarded as a base, then all the theories on the forma- 
tion of u*tlKT arc not ( apable of satisfactorily explaining how a base 
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is il'iscliarged from a strongly acid liquor, and by a powerful acid. 
It is only by the present explanation, and by the analogy which 
the Reparation of tether from sulphovinic acid bears to the decom- 
position of several inorganic salts by means of water, and also by 
the above-mentioned analogy of aether with a series of oxides which 
do not, or to a very slight extent, combine with acids, that this 
phenomenon loses its anomalous appearance. 

It seems to me higlily desirable in organic chemistry, to illus- 
trate it% processes always as much as possible by analogous pro- 
cesses in inorganic chemistry. The greatest advantages have ac- 
crued to organic chemistry by the endeavours of Berzelius, Liebig, 
iind Dumas, who have pursued this path, Irequently starting, , it is 
true, from very different views. 

It is certainly advantageous in so imperfect a science as chemis- 
try, and es])ecially organic chemistry, to ascribe provisionally to a 
common force ‘all phaanomcna which stand isolated, for which no 
suitable analogies can be detected, and which on this account 
aiipear wonderful, and thus op*enly to •admit that in the prescijt 
state of science it is hotter to avoid explaining a process altogctlier, 
than to ^explain it Ky some artifice or in a constrained manner, 
'f he smaller the number of phSmomena 'which we are compelled 
to reler to.this class, the more pcitect the science becomes. 

St*tting out from this poijTt of view, I have ventured to 
a process in organjc chemistry, which has long, and particularfy of 
late years, engaged tiie attention of chemists, as being analogous to 
several processew in inorganic chemistry ; and if the explanation 
should not give general satisfacti<in, tlie attempt to attain so im- 
])ortant an object, *vvill, 1 trust, meet with approbation. ^ 

Tlic present theory is valid, it is true, only for the formation of 
ictlicr from a mixture of alcohol and sulphuric acid ; but quite a 
si*pilar one may undoubtedly be advanced for the formation of 
rcther from mixtures of phosphoric and arsenic acids with alcoliol. 
For the present, lunvever, I leave it undecided whf'tlier the forma- 
ti(j^ of*tether, by treating ^llcohol with duoboracic gas, as also with 
the chloride yf zinc and other chlorides, is to bo explained by a 
mere subtraction of water by these substances ; or in this way, 
tliat they form with alcoliol. at thegtommon temperature, corabiiia- 
tioSi^analogous to sulphovinic aci* which^hre decomposed like it, 
at a high temperature, by •the agency of water. The latter view I 
regard as being the most probable. 


PoSTSCUIPT, 

. In the preceding Memoir I have compared the formation of 
icther from a mixture of sulphuric acid and* alcohol, with the de- 
composition of several inorganic salts by means of water,* 1 have 
endeavoured to show that it is the water whicli in tliese cases acts 
the part of a base, and separates the oxide of a?thyl or the metallic 
oxide, the latter ji^iicrally as bn.sic salt. * 



364 On the Theory of A^therificalion, 

The inorganic salts which I enumerated in this comparison a& 
examples, were those of the oxide of bismuth, the oxide of mer-. 
cury, 5 ind of antimony. These undergo the said decomposition by 
water even at the common temperature ; jether, however, is first 
separated from a mixture of sulphuric acid and alcohol, or from 
Sdluhovinic acid, at a high temperature. 

There are, however, among the inorganic weak bases, a consi- 
derable number ivlnch are eliminated by water, from their combi- 
nations with acids only at a high temperature ; and the decompo- 
sition of the salts ol* these base*^, by means of ^\ater, is tlferefore 
still more fit to be compared to the formation of lelhcr. 

To these bases belongs more especially the peroxide of iron, 
which is precij)itated by water basic salt from sointioiis of 
most of its neutral salts at a high temperature. The weaker 
tile solution of the salt of peroxide of iron, the lower is the tem- 
perature wliieh occasions jirecipitation, and the more completely 
is the peroxide of iron thrown down, so that with a certain dilution 
as M. Selieerer'has shown^ scarcely a trace of the peroxide i)f iron 
rchnains in solution, but the entire quantity is separated as basic- 
salt. As stronger bases are not precipitated by water on boiling, 
tJiis propej ty ot‘ the peroxide of irm has been emph^ed "to sepa- 
rate it from the oxides of cobalt, nickel, and other metalst. It 
iiiav even be separated, by lioiling the solution, froni alumina, 
whiih, although it has with regard to its properties mud) similarity 
to the peroxide of iron, is evidently a stronger base ; thivS se})aration 
of alumina from the peroxide of iron by means of water at a high 
temjierature, is of some importance to the arts, as in the fabrication 
of alum the peroxide of iron contained in the meA.hcr-li(|Uor is pre- 
ci})itated by mere boiling, and is thus more easy to separate from 
the alumina than the protoxide of iron, although tlie former, w ith 
sulphuric acid, and .an alkali, forms an < alum whidi has quite an 
analogous composition with alumina-alum ; and, from being 
morphous with tluit alum, could crystallize with it in all proportions. 

Several otlier bases have the same properly as llie peroxide <>f 
iron, wliich like it belong to lh(» dass of weaker bases, fiiid liiso 
several substances which act ;is bases towards stroftg acids, and 
also as adds towards strong ba^, and wliich on that account are 
frequently classed amotyf llie a^lls. Among these are the oxifjlf,of 
zirconium, thorina, the jicroxide of cerium, peroxide of tin, titanic 
acid, tellurous acid, eolunibic add ; also in certain respects molyb- 
dic acid, tungstic acid, and vaiiadic acid. Several combinations of 
these oxides with acidfc are soluble Jh the cold in water, and are 
precipitated from the sohuion, on lioiling, as oxides or basic salts. 

Several of tlr* oxide’s *J)recipitatfed in this manner possess, after 
precipitation by boiling, properties which they do not evince before 
their solution in acids Und precipitation ; they are more indifTercnt 
than before, are jiavtly of difficult solution in acids, partly insolu- 
ble, and do not combine after precipitation with them, even when 
these are employed in a concentrated stale. 'Titanic acid, peroxide^ 
of‘ tin, and many others may be classed here. This peculiarity ik 
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in a certain degree analogous to that of a ther, which, when it .has 
l)een onde separated by boiling from a mixture contaming sulplio- 
vonijc acid, appears not to combine directly with acids. 


LI. — On GnJvanic results, in letters adtlressed Jo Prof. SUiiman, Oclo-- 

her^j August 6, \ the eicinitjf of London ; by 

William STuimroN, Esq. ' - 

• HEMAKKS liY TIMC KDITOMS. 

^ very economical and edicient voltaic arrangement was 
adopted by several members of the London Electrical Society, and 
the report of the construction and ])crfonnanee of the battery, in a 
series of experiments performed atr]a})hain Common in the autumn 
of 1IS38, is contained in the report of Mr. Charles V. W^ilker, pub- 
lished in the Transactions of the London Electirical .Society, in two 
papers dated October 1(>, and Movember f>, 1838. Fn allusion to 
tin's battel y, 1^1 r. Sturgeon observes, in his letter, of October J), 
1838 ^ ^ 

A voltaic battery has been goi up (at the exj)ensc of two of‘ our 
leading ^nen, whose*names I am not at liberty to mention,) for the 
sole purpose ot investigation. ^F’he battery consists of one hundred 
and sixtw porcelain ])int jars, each containing a eo])per and zinc 
cyliiulev ; the latter being^^oven'd with stout brown paper, in- 
troduced to the ,intetior of the coppta*. 'live exciting fluids are 
solutions of suljihafe of copper and muriate of soda; tlie former 
a))plied to tlu? copper cylinders, and the Litter to the zinc ones. 
VVlien the jar.s were in series the flame was upw.ards of an inch long, 
from a charcoal point, rotated on tile poles of a inagneL according 
to th(‘ principles of electro-magnetism. J>avy d ’llectcd tne electrical 
flame by magnetic influence, but I am not aware that he rolnted it.'* 
.0* Sulpliuret of lead (g-Tlena) was decomposed, aiul metallic lead 
obtained. Sulphuret of antimony was decomposed, and tlie li- 
berated metal kept in fusion fiw several minutes. The boiling 
ai|tini«ny was ihrce inches* long and half an inch wide between the 
polar wdres, ^^lul exhibited a beautiful spectfiele, in a channel of 
thos'C dimen.sions which the action had formed in the native sid- 
pjjuret. WIiei> the electric flamp was directed through the air 
betW^een stout copper polar wires, the posifive wire becaipe red hot, 
but the negative wire cftuld not be made red. 1'he wires were 
made to change poles, still the same thing occurred ; nay, even 
tw^o inches of the posili^'e wire, which was completely out of the 
circuit, was rendered hot, but no redness appeared on the nega- 
tive wire.' How exceedingly cuv/ous and interesting is this last result ' 
When the whole battery was formed into •eight groups of 
twenty jars eacli, and ])roperly connected yith an cleetro-gasom- 
Cter, the mixed gases were lil)erated from water at the rate of one 
cubic inch ])er seven seconds : and tliis for many successive iuiuute.s, 
although tlie battery bad been in action for seven previaii-s hours ^ 
without interruption.” ^ 
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In his letter of August 6, lf»39, Mr. Sturgeon proceeds to ob- 
serve, that a good description of* the a])paratus and experiments 
will be. found in the memoir above named, and of which he kindly 
transmitted a copy. But he remarks : there are some particulars 
connected witli the discovery of the difference of temperaiiire, pro- 
duced in the positive agd negative wires, which want a clearer de- 
scription than any given by Mr. Walker, or, perha])fl any which that 
gentleman had then a means of giving ; and, as I find, from the 
defective information which has been given of this partici^ar dis- 
covery on the continent of Europe, that M. l)e la Rive and otlicr.s, 
have failed in reproducing the curious phenomenon, it is possible 
that the American philosophers may also fail from a like cause, 
were the j)articulars of manipulation not made known to them. I 
w'il), therefore, for the information of all the readers of your excel- 
lent journal, give a brief historical hketcli of the whole !>ii.sincs8. ' 

The battery consisted of a hmulred ami sixty white porcelain 
jars, each of the Rapacity of almut two thirfls of a pint, and furni.shed 
wdth a hollow cylinder of sheet copper, and an interior hollow cy- 
linder of sheet zinc, the latter amalgamati'd, and in motallie con- 
nexion with the copper of the next pot, ^Lc. The ct»pper and zinc 
of each j)ot were separatial from ^ ach other by a diaphragm of 
brown paper, (a disc, on the centre of which is placed the^ceiitre of 
the4>aae of the zinc cylinder, and the periphery brouglit up to the 
upper end ol'the latter so as to form a hag round the zinc,) which 
separates the solution of sulphate of copper, w/iieh is placed outside, 
from tlie solution of common salt, which is pluend inside of it. 
Hence the copper is w’aslied witli its sulphate solution, and the zinc 
with the nniriali; of soda solution. 

“ One lumdred of these metals and pots were lurnished bv Mr. 
Gassiot, and the other sixty by Mr. Mason. The preparatioii of a 
battery of this kind and extent is a gre.u labour, as you will u*^*- 
dcr^-taiid irom the following particulars. Mr. Walker cornineneed 
working at it between eight and ipnc in the morning; Mr. Mason 
arrived about eleven in the tbrenoon, an:l immediately set tp^work 
at it; Mr. Gassiot commenced .shortly afterwards, and it was not 
ready for experiment till thn^e in the afternoon, about an hour and 
a half after 1 arrived at Mr. (iassiol\s house. 'J'be plan of dividing 
the l}attery into groups for the experiments on decompositions Wiis 
formed by Mr. Ma,son, who is a very skilfpl and neat experimenter. 

“ At a previous mcetinj; I was requested to provide a eataiopuo of experimentK, 
whieh I did; but in consequence of the great len;;tli of time occupied in tbo ex- 
periments on tlie dc’composiiion of wntei by the VHi‘b)ns fonns of the battery, 
lew <if jhern v.cre atlcrnpt'd. A'> the derompositions uro very w'oH des 
cribed by Mr. Walker, it would be iiniiCM-ess|^rv to !f.ay anything more about them 
in this place. Tli' V were canied on with great e.vactness in the following man. 
ner. 'i’he gniduated glass tube of ihc electro- gasometer being filled with acidu- 
lated water and inverted ovor the platinum terminals of tlie inslrumoot, one of 
tho polar wires of the battery was connected with it, and foe other kept in the 
hand of the experimenter ready tr> plunge into tho other morciuial cup of the 
instrumentlho moment theu'ord « time" was ghen, and taken out again when a 
cubic inch of tlu' pa«es wa«. rollectcd. 

Witl* regard to the experiment in which I dise^vc^ed the great 
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difference produced in the twojudar wires, it was undjcrtaken from 
.the views which I had long entertained concerning the non-identity 
of tlie clecLric and calorific matter, as yon will bt,*e I have hinted at, 
at the close of section 1, of my first memoir to the London Elec- 
trical Society. It was late in the evening before 1 had ^my oppor- 
tunity of making the experiment. The rest of the party were en- 
gaged ill something else at the time, and the battery was in series 
of one hundred and sixty pairs. I brought the tip ends of the polar 
wires (copper wire one tenth of an inch diameter) into contact, 
end to^end, then withdrew them gently and very gradually from 
each other, keeping the flame in full play between them till they 
were separated about one-fourth of an inch. In a few minutes the 
positive wire got red hot for half an inch, but the negative 
wire never fiecarnc red. I repeated this several times, in order to 
be convinced of the fact, f next laid the wires across one another, 
and l)rfmght them into contact about an incli from the extremities, 
and separated them as before. In a short time the whole of 
that part of the })ositive wire from the point of crossing to the extre- 
mity, became very rod hot, but the negalivo end never got (wen to*ii 
dull redness. It was (;ertainly very hot, but never higher than a black 
heat. P ncx^ increased the length of tlie ends of the wires exterior to 
the circuit ; and eventually lieated two inches of the positive wire 
to bright redness ; but luf such heat took place on the other 
I'hus satisfying myself that I was not mistaken, 1 called Mr. 
Mason to corno And look at it: and after satisfying that gentle- 
man by an experiment or two, wc called Mr. (lassiot and Mr. 
Walker to come and witness the novel plienoraenon. We now 
changed the placos of the polar wires, making that positive which 
before had been negative, iScc. Still the [)ositive wh’e showed 
the same fact. You will easily understand that I experienced a 
great degree of pleasure •at the appearance of this beautiful fact, 
wliich seemed to demonstrate the justness of the hypothesis I had 
so long formed. Ao two bodies can he in the same jdacc at the 
same time, is an <ild axioiv in pfiilosopliy. Hence tlie blacksmith 
is\naffle(l to heat his iron rod or nail, by compressing the calorific 
matter ; the blows of his hammer forcing it from tlie cavities into 
the particles of the inetid. Thus, also, the electric fluid forces the 
caiojific matter from its natural lodgings in the conductor, and 
drives it on even to beyoipl the electrical stream, to take refuge, in 
a compressed form, in the extremity of the positive wire. Nothing 
can be more simple to explain ; nor do I know of an experiment 
that tond.s more to support tlie doctrine of one species of (Jectric 
matter only ; and that it runs through the voltaic conducting wires, 
, from the positive to the negative pole. * • 

To produce the phenomenon I have been describing, recpiires 
an extensive series of pairvS ; certainly not less than one iuindred 
and twenty, but two hundred would answer much better, as much 
depends upon the play of the fluid between the wires ; and I think 
that the battery is quite as well when not highly charged. I have 
mentioned one Imndred and twenty as the sliortest to insurcfsuccess, 
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although it 16 possible that one hundred might show the fact.** 

The following remarks, in answer to inquiries made of Mr. Stiir-* 
geon as to his views regarding tlie best forms of galvanic batteries, 
are worth preserving, as the conclusions of so exjierienced an expe- 
rimenter, .tnd the more so as they coincide generally with the views 
of Dr. Hare, and of other distinguished men in this country. — Eds. 

Form and size of Galvanic Batteries. 

‘‘With respect to galvanic batteries, we can never expect to find 
owe which will exhibit every class of phenomena to the best^advan- 
tage. The pile, with moistened canl board in pure water, or a well 
constructed Cruikshank, charged with water, answers best for 
charging Leyden jars, defections of pith balls, Ikc. And the more 
extensive the scries the better. 'I’he size of tlie plates has also 
much to <lo ill this business. A single pair of ])lfites, charged 
with dilute nitrou^^ acid, answers best for most c'lectro-inagnetic 
experiments, l^or a display of LriUiant calorific ]i(1u*noinena, the 
burning of ch^arcoal, de/iagration of laminated metals. Sec , .a 
series of not less than a hundred qiairs answers better than any 
smaller series. . Here again, tlic size of the plates sliould never be less 
than four inches square. Six inch plates answer ‘much better, and two 
hundred better than one hundred, CvC. And these ma)^ be either of 
the Cruikshank form, or of any other, observing that the ajetion witli 
the, former is of much shorter duratioii than with the Wollaston 
form, and shorter with the Wollaston than with the battery b(?tbre 
tlescTihed. ' 

Then again, for lieating of thick wires, a series of ten or less, 
of lar^e plates, are bettor than more extensive series. 

“ I'or chemical decompositions, there is, perhaps, no battery 
known so well adapted lor them as the j.irs which I have de- 
scribed. Their sustaining power is a great recommendation. Tiic 
extent of scries will necessarily vary witli the nature of the erna- 
pouiul operated on. We have fo\uid that a series of twelve jara 
gives a sufficient intensity Ibr the decomposition of acidulated 
water, (water '10, sulphuric acid 1, or e»vcii much less.) Twenty- 
four jars in a double ■series of tw'clve, give about t^vice as much 
gas as a single series of twelve, ihit twenty-four jars in a single 
series do not give so much gas as when they form a double se- 
ries of tw elve. Again^ thirty-six jars in one scries, do not give 
so much gas as when they are formiyl into a treble series of 
twelve. Hence a series of twelve of these jars seems to be about 
the best nnil of intensitii for acidulated wat^‘r. Ollier compounds 
will require other units of intensity to produce maximum eft’ects— 
and other batteries wmII require different extent of series to pro- 
duce the same Wwe7 of intensity as tiiat prothiced by the jars.’*— ■ < 
Letter to Prof. Sillman. — (From Siiiiman’s Journal.) 
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BRITISH ASSOCIATION PllOCEEpiNGS 

AT GLASGOW, im 

GENEllAL MEETING.— Tiiuhsdav, September -2 h 

in consequence of the absence of the Kev. Vernon Harcourt, the 
Vvesident of the past year, the Marquis of Northain])ton took the 
i*hair. He lamented the unavoidable absence of Mr, Harcourt, who 
had taken so active a sliare in the formation of the Society, and had 
been one of its most zealous supporters. He congratulated the 
Association on assembling in a city equally re^fiarkable for its ex* 
tensive commerce and great manufacturing industry, and the seat 
of an ancient university, which had rejidered eminent service to the 
united cause of literature, science, and, humanity. Glasgow, the 
native town of Watt, had tiiken the lead in the piactieal application 
of steam as a moving p<iwer, and the animating display of steamers 
on tile Clyd« united the triumpJts of art to the most romantic scenery 
of nature. He felt great pleasure in introducing their new Presi- 
dent, the*Marquis of Brdhdalbane ; and, after a brief referenq^ to 
the services which the Ass^^ciation had rendered to science, he re- 
signed the chair. * • 

The Marqui% of Breadalbane, on taking the chair, stated his sense 
of the honour conferred on him, and observed, that it was unthought 
of, and iinlooked for on his part ; and he was afraid he had no claim 
to it, gave that of one who had a firm conviction of the ^ast import- 
ance and value of science, and an earnest wish to support its beat 
interests by every nieansi^ in his power. It was unnecessary, he 
oligerved, in such a meeting, composed as it was of some of the 
greatest ornaments of our own country, and many of the highest 
clmracter in science in foreign countries, to dilate on that bond of 
iirS^n ‘which it presenteil for promoting the*great object— the in- 
vestigation of‘truth. The British Association had conferred great 
and valuable bepefits upon the nation, and even the world at large. 
Hi atlverted to tlic propriety of such a mealing being held in Glas- 
gow, a city combining in jtself more perhaps than any other in the 
empire, the elements of national wealth — commerce and manufac- 
tures. He then called^ou Mr. Murchison to read — 

The Address of the General Sccreiarm. , 

In entering upon the duty assigned to us, t»e heartily congratu- 
late our associates on this our second assembly in Scotland. As on 
our first visit, we were suatained by the intellectual force of the 
metropolis of this kingdmn, so now, by visiting the chief mart of 
Scottish commerce, and an ancient seat of learning, we hope to 
double.the numbers of our northern auxiliaries. 

• « Y 
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Supported . by a fresh accession of the property and intelligence 
of this land, we are now led on by a noble Marquis, who, disdain- 
ing not the fields we try to win, may be cited as the first Highland 
chieftain who, proclaiming that knowledge is power, is proud to 
place hims(3if at the head of the clans of science. 

If such be our chief, what is our chosen ground ^ liaised through 
the industry and genius of her sons, to a pinnacle of commercial 
grandeur, well can this city estimate her obligations to science ! 
Happily as she is placed, and surrounde<l as she is by eartli's fairest 
gifts, she feels how much her progress depends upon an acquaint- 
ance with the true structure of the rich deposits which form her 
subsoil ; and, great as they are, slie clearly secs that her manufac- 
tures may at a moment take a new flight by new mecJiunical 
discoveries. For she it is, you all knows who nurtured the man 
whose genius has changed the tide of human interests, by calling 
into active energy a power which (as winded by him), in abridging 
time aiul space, has doubled the value of human life, and has estab- 
lished for his memory a lasting claim on the gratitude of the civilized 
world. The names of Watt and Glasgow are united in imperishable 
records ! 

In such a city then, surrounded such recollections^ encouraged 
by an ullustrious and time-honoured University, and fostered by 
the ^ncient leaders of the people, may w'e not augur that this 
meeting of the Hriti.sh Association shall rival the? most useful of our 
previous assemblies, and exhibit undoubted proofs of the increasing 
prosperity of the Britisli Association ? 

Not attempting an analysis of the general advance of science in 
the year that has passed since our meeting at Birmingham, we shall 
restrict ourselves, on the present occasion, to a brief re/iew of what 
the British Association has directly cftcctecl in tliat interval of time, 
as recorded in the last published volume of our Transactio,ri8. 
From this straight path of our duty we shall only deviate I'n 
offering a few general remarks (>n subjects intimately connected 
with the well being and dignity of our Icastitution. ^ ^ 

One of the most important — perhaps the most important service 
to science — which it is the peculiar duty of the Association to 
confer, is that which arises from ith relation to the, Government-— 
the right which it claim.: to make known the wants of sciencc,'-ahd 
to demand for them that aid which it is beyond tlie power of 
scientific body to bestow. In the fulfilment of this important and 
responsible duty, the Association has contiijucd to act upon the 
principle already laid down in the Address of the General Secre- 
taries at the Meeting at Newcastle in 1838, namely, to seek the aid 
of Government no case' of doubtlUl or minor importance ; and 
to seek it only when the resources of individuals, or of individual 
bodies, sliall liave proVed unequal to the demand. The caution 
which it lias observed in this respect has been eminently displayed 
in the part y?hich it has taken with reference to the Antarctic ex- 
pedition, and to ihe fixed Magnetical Observatories. It abstained 
from recommending the former to tlie Govcnintent until it had 
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called for a^id obtained from Major Sabine, by wlioni the imp’ort- 
•ance of such an expedition was first urged, a report in which that 
impoilance was placed beyond all doubt ; and it withheld from 
urging the latter, although its necessity was fully felt by some of 
its own members, until the letter of Baron Humboldt td the Duke 
of Sussex gave authority and force to its recommendation. 

The delay which has in consequence occurred, has been pro- 
ductive of signal benefit to each branch of this great twofold 
undertaking. Since the time alluded to, our view of the objects of 
investigation in terrestrial magnetism have been greatly enlarged, 
at the same time that they have become more distinct. Major 
Sabine's memoir on the Intensity of Terrestrial Magnetism, lias 
served to point out the most interesting portion of the surface of 
the globe as respects the distribution of the magnetic force, and 
has indicated, in the clearest manner, what still remained for 
observation to perform : and the beautiful theory of M. Gauss, 
which has been partly built upon the data afforded by the same 
memoir, while it has assigned 1;he most probable configuration oi' 
the magnetic lines of declination, inclination, and intensity, has 
done the same service with respect to all the three elements. 

In anoth<ft* point of view, af^o, delay has proved of great value 
to both b/anches of the undertaking, but more especially to the 
fixed observatories. Our Cleans of instrumental research Jjave, 
since the time of their first* projection, received great improvements, 
as well ill their a*d(xpiacy to the objects of inquiry, as in their pre- 
cision ; and finally, the two great lines of inquiry — the research of 
the distribution of terrestrial niaghetisin on the earth s surface, and 
the investigation ftf its variations, secular, periodic, and irregular, — 
have l)ccn permitted to [irocccd pari passu. * 

Last of all, ihe prudent caution, and vigilant care, which the 
great scientific bodiet liave exhibited, both in the origin and 
progress of the undertaking, have naturally inspired the govern- 
ment with confidence ; and whit on the one hand science has not 
h^ita^ed to demand of tkc country all that was requisite to give 
c<m\pletcness^t(» a great design, so on the otlser, tlie government of 
the country has not liesitated to yield, with a liberal and un- 
sparing hand, Qvery request the importance of which was so well 
gua^,'antced. » 

But. while we thus enumerate the benefits which have resulted 
to magneiical science from the delay, it must be also acknowledged 
that something has be^n lost also, not to science, but to Britisli 
glory. Although terrestrial ^nagnetism stood forward as the pro- 
minent object of the Antarctic expedition, yet it was also destined 
/ •to advance our knowledge of the ** physique di^ globe in all its 
brandies, and especially in that of geography. Had the project 
of an AriCarctic expedition been acceded to when it was first pro- 
posed, viz., at the meeting of the British Association in Dublin, in 
1 there can be no reasonable doubt, tliat a discovery, which, ^ 
by its extent, may almost be designated a Southern Continent, " 
situated in the \%'rv region to wliidt its effort'' were to Ifave been 
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chiefly directed^ must have fallen to its lot ; and die flag *of 
England been once more the first to wave over an unknown land. 
But while, as Britons, wc mourn over the loss of a prize whidi it 
well became Britain and British seamen to have made their own, 
it is our part too as Britons, as well as men of science, to hail the 
great discovery — one of the very few great geographical disetfveries 
which remained unmade ; — and to congratulate those by whom it 
has been achieved, those whom we are proud to acknowledge as 
fellow-labourers, and who have proved themselves in this instance 
our successful rivals in an honourable and generous emulaiion. 

The caution which lias cbanicterized the British Association in 
the origination of this great undertaking, has been followed up by 
the Royal Society in the manner in which it has planned the details, 
and ill the vigilant care with which it has watched over the execu- 
tion. Of the success which has attended this portion of the work, 
the strongest proof has been already given in the unhesitating 
adoption of the same sclieme of observation by many of the conti- 
nental observers, and in the wide extension which it has already 
ro£eived in other quarters of the globe. All that yet remains is to 
provide for the speedy publication of the results, 'fhe enormous 
mass of observations w'hich will be gathered in, in the course of 
three years, by the Observatories establislicd under British auspices, 
and by the Antarctic expedition, will rr^ftler this peart of the task 
one of* great expense and laf)our. To iheet the former, we must 
again look to the Government, and to the East India Company, 
who will certainly not fail to present the result of tlu»ir munificence 
to the workl in an accessible form. Tfie latter can only be over- 
come by a w'ell organized system. The planniirg of this system 
will, of coiiioc, be one of the first duties of the Royal Society ; and 
it is im])ortant that it should be so arranged, that while every 
facility in the avay of reduction may be given to those who shall 
hereafter engage in the theoretical <liscu&sion of the observations, 
care is taken at the same time tliat the data are presented entire, 
without mutilation or abridgment. Tbe Council of the Royal 
Society will, doubtless, be greatly assisted in this duty by ftie 
eminent individual who has had in every way so large a share in 
the formation of these widely scattered magnetic establislunenta, 
and whose own Observatory, founded by the munificence of 'the 
Dublin University, has nearly completed twelve months' magnetic 
observations on that enlarged and complete system of which it set 
the first example. 

In referring, as we have done, to those most valuable services 
which the Royal Society have rendered, and Are continuing to 
render, in directing and sAperintendlng the details of this great 
undertaking in botli its branches, it is right that, on the part of the 
British Association, we “should express the cordial satisfaction and 
delight with which we witness their exertions, united with our owh 
in this common cause ; nor sliould we omit to recognize how much 
this desirable concurrence has been promf>ied by the influence of 
the noble President of the Royal Society, the Marcpiis of Nor- 
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thfftnpton, .whom, as on so many former occasions, ^we have* the 
• pleasure of seeing amongst us, as one of our warmest supporters 
and* most active members. 

In the volume of our Transactions now under notice, is con- 
tained the memorial presented to Lord Melbourne hf the Com- 
mittee of the British Association, appointed to represent to her 
Majesty's Government the recommendation of the Association on 
the subject of terrestrial magnetism. This memorial is one of many 
services which have been rendered to our cause, by Sir John 
Herscliei, whose name, whose influence, and whose exertions, since 
our meeting two years since at Newcastle, have largely contributed 
to place the subject where it now stands. The devoted labour of 
other of our members has long been given to an object which they 
have had deeply at heart, viz. the advancement of the science of 
terrestrial magnetism ; but the siicrifice wliich Sir John Herschel 
has made of time, diverted from the great w’ork in which his ardent 
love of astronomy, his own personal fame, and his (cither’s memory, 
are all deeply concerned, the iiJore urgently demands from our jus- 
tice a grateful mention, — because the science of magnetism had no 
claim on him, beyond the interest felt in every branch of science, 
by <Jiie lo vdiom no part of its '^’ide Add is strange, and the regard 
which a national undertaking such as this deserved, from the per- 
son who occupies his distinguished station amongst the leader's of 
British science. 

The advancement of human knowledge, which may he reckoned 
upon as the cettain consecpience ofthe Antarctic expedition (should 
Providence crown it with success), and of the arrangements con- 
nected with it, isV)f so extensive a nature, and of such incalculable 
importance, that no juster title to real and lasting glory** than it may 
be expected to confer, lias been earned by any country, at any 
p^iod of time ; iiotbing has ever been attempted by England move 
worthy of the place whicli she occupies in tiie scale of nations. 
When much which now appears. of magnitude in the eyes of poli- 
ticians has passed into insignificance, the fruits of this undertaking 
wm distiiigui'^h tlie era which gave it birtli, ^ind, engraved on the 
durable records of science, will for ever reflect honour on the scien- 
tific bodies whifh planned and promoted it, and on the Government, 
wiiiah, with so much liberality^ has carried it into effect. 

Were the value of thi^j association, gentlemen, to be measured 
only by the part whicli it has taken in suggesting and urging this 
one object, there niigjit here be enough to satisfy the doubts of 
those who question its utility*: to overlook such acts as these, and 
the power of public uscfulne&s which they indicate, to scrutinize 
,*^-with microscopic view the minute defects incidenthl to every nu- 
merous assemblage of men, to watch with critical fastidiousness the 
taste of every word which might be uttered by individuals amongst 
us, instead of casting a master's eye over the work which has been 
clone, and is doing, at our meetings, is no mark of supcrioi discern- ^ 
ment and comprehensive wisdom, hut is evideiiet' rather of con- 
finement to narrow views, and an indulgenec of vain amf ignoble 
passions. 
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But to proceed with our uscftii eftbrta. One of tlie principal 
objects of our annual volumes is the publication in the piost au- • 
thentic,form of the results of special researches, undertaken by* the 
request^ and prosecuted in many instances at the cost> of the Asso- 
ciation. It^is a trite remark, that if a man of talent has but fair 
play, he will soon secure to himself his due place in public estima- 
tion. We fully admit the truth of this in many instances, and 
above all where the points of research are connected witli commerce 
and the useful arts ; but many also are the subtile threads of know- 
ledge, which, destined at some future day to be woven iRto the 
great Veb in which all the sciences are knit together, are yet not 
appreciable to the vulgar eye, and, if simply submitted to public 
judgment, would too often meet with silent neglect. Number- 
less, wx* say, are tl)e subjects (and ii‘ your Association exceeds 
a centenary, still mpre numerous wull they be) with which the 
retired and skilful man may w^ish to grapple, and still be de- 
terred by Ills \yant of opportunity or of means. Then is it that, 
adopting the well -balanced .recommendations of the men in whose 
caj^acity and rectitude you confide, you step forw^ard with your aid, 
and bring about these recondite researdies, the» result of which in 
the volume under our notice we now proceed to consider. ' 

The first of these inquiries to wdiich we advert, you called fi^r at 
the l^ands of Prof. Owen, upon British Fossil ReptilesV' one of 
the branches of Natural History, on a correct knowledge of which 
the develoj)ement of Geology is intimately depotident. 

The merits of the author selected for this incpiiry are now' 
widely recognized, and lie has, with justice, been approved as. the 
worthy successor of John Hunter, tliat illustrious Scotchman who 
laid the foundation of comparative anatomy in the British isles. 
That this science is now taking a fresh spring, would, we are per- 
suaded. be tile opinion of Cuvier hiiuseU>could that eminent in^n 
view the progress wdiich our young countryman is making tow'ards 
the completion of the tenqile of jwhich the French naturalist was 
the great architect. It is theiefore a plenising reflection, tlia^whyi 
we solicited Professor wen to work out this subject, we did' dot 
follow in the wake of Europe’s praise, but led the way (as lliis 
Association ought always to do), in drawing forth thf man of genius 
and of worth ; and the wilue of our choice has been since stani^^fd 
by the approval of the French Institute. * 

If Englishmen'^ first perceived something of the natural affinities 
of Paheosaurians, it was reserved for Cuvier to complete all such 
preliminary labour. The publication "of bis splendid chapters on 
the Osteology of the crocodile and otlier reptiles, drew new atten- 
tion and more intelligent scrutiny tS tliese remains ; and it ouglii^ 
to be a subject of honest pride to us to reflect that the most interest- 
ing fruits of the researches of that great anatomist were early 
gathered by the English palaeontologists, Clift and Home. One of 
our leatiers, whose report on Geology ornaments the volumes of this 
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Association, formed the genius Plesiosaurus^ on an ei»largcd ^iew 
■ of tl)e relation subsisting between the ancient and nioilern forms of 
reptile life ; while shortly after Auckland established the. genus 
Megalosaui'us, and Mantell, Iguanvdon and Ihjlwos aunts , worthy 
rivals of the Geo Sauri and Moso Sauri of Cuvier- ^ The other 
Englishmen who have best toiled in the field, are De la Beche. 
Hawkins, and Sir Philip Egerton. 

Yet although this report is on British reptiles, we are fully alive 
to the^great progress which this department has made, and is 
making, on the Continent, through the labours of Count Munster, 
Jiiger, and Hermann Von Meyer. The last-mentioned naturalist 
has been for some time preparing a series of exquisite drawings of 
very many forms unknown to ns in England, most of whicli have 
been detected in the Muschelkalk, a formation not hitherto dis- 
covered in the British isles. Yet despite of all that Jiad been ac- 
complished in'our own country or elsewhere. Professor Owen has 
thrown a new light of classification on this subj.ect, founded on 
many newly-discovered peculiarities of osseous structure, and has 
vastly augmente<l our acquaintance with new forms, by describing 
sixteen species of Plesiosauri, three of which only had been recog- 
nizably described by other writers ; and ten species of Ichtktjosauri, 
live of which are new to science- Such results were not to be 
obtained without much labour ; and previous to drawing un his 
report, Professor Owen had visited the jirincipal depositaries of 
Enaliosauri described by foreign writers, as well as most of the 
public and private collections of Britain. I’liis, the first part of 
Mr. .Owen’s report, concludes with a general review of the geolo- 
gical relations and extent of the strata through which he has traced 
the remains ’of British Enaliosauri. The materials which he has 
collected for tfie second and concluding portion of his report, on 
tlyf terrestrial and crocoeWean sauria, the Chelonia, Ophidian, and 
Batrachian reptiles, are equally numerous, and the results of these 
researches will be laid before thc^Associalion at our next meeting. 
Deeply impressed as we sure with the value of this report, we can- 
nS conclude a notice of it without again allnding to its origin, in 
the words of Professor Owen himself: I could not,’^ says he, 
'‘have ventured to have proposed to myself the British Fossil 
R..p::ilia as a subject of continuous and sysVematic research, without 
the aid and encouragement which the British Association has liber- 
ally granted to me fo» that purpose,” 

Mr. Edward Forbes, whose labours in detecting the difference of 
sx)ecies and varieties among' the existing marine testacea of our 
shores have been most praiseworthy, has on this occasion given us 
A report On the Pulnioniferous Molliisca of tHb British Isles.” 
The variations in the distribution of the ^ecies in this class of 
animals, are shown by him to depend both upon climate and upon 
soil, the structure of the country (or geological conditions) having 
quite as much share in such varied distribution as the greatest^ 
diversity of temperature. Tlie Association has to thank the author * 
for valuable tables, which show botli the distribution of th^ pulmo- 
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nifei-ous molusca in our islands^ and their relations to those ' oi* 
Europe generally. 

From zoologicid researches let us now turn to physical geology. 
One of the most interesting fruits of modern experimental research, 
is the knoiVledgc of the fact, that electrical currents are in continual 
circulation below the surface of the earth. Whether these currents, 
so powerful in developing magnetical and chemical phenomena, are 
confined to mineral veins and particular arrangements of metal and 
I'bck, or generally capable of detection by refined apparatus well 
applied, appeared a (piestion of sufficient importance to deserve at 
least a trial on the part of the Association. Our present volume 
records the result of such a trial on the ancient and very regularly 
stratified rocks of Cumberland, consisting of limestone, sandstone, 
shale, and coal, so superimposed in many repetitions as to resemble 
not a little the comnjoii arrangement of a voltaic pile. Varied ex- 
periments, with a galvanometer of considerable delicacy, failed to 
detect, in these sseemingly favourable circumstances, any electrical 
current. • • 

'The extensive and rapidly increasing iipplications of iron to public 
and private structures of all kinds in which duriibility of material is 
a first requisite, have made it higlify desirable to possess accurate 
information respecting the nature of the chemical forces w^jich effect 
the 4(^struction of this hard and apparently intractable metal. Tlic 
preservation of iron from oxidation and corrosion, is indeed an ob- 
ject of paramount importance in civil engineering. * The Association 
was therefore anxious to direct inquiry to this subjeet, and gladly 
availed itself of the assistance of Mr. Mallet, a gentleman peculiarly 
qualified for such investigations, both from hiif knowledge as a 
chemist, and from his upportuities of observation as a practical en- 
gineer. An extensive series of experiments has accordingly been 
instituted by him, with the support of tlu^Association, on the action 
of sea and river water, in different circumstiinces as to purity and 
temperature, \ipon a large number of specitnens of both cast and 
wrought iron of different kinds. These OKperiments are still ip pro- 
gress, and the effects are observed from time to time. They 
afford valuable data for the engineer, and form the principal object 
of the enquiry, but a period of a few years will be required for its 
completion. In the meantime, Mr. Mallet has furnished a repout dn 
the present state of our knowledge of the subject, drawn from vari- 
ous published sources, and from his own eKtensive observations. 
In this report he examines very fully the gqperal conditions of the 
oxidation of iron, and how this operation is greatly promoted, al- 
though modified in its results, by sea-water ; also in what manner 
the tendency to <^orrosion is affected by the composition, the grainy 
porosity, and other mechanical properties of the different commer- 
cial varieties of iron, ^he infiueiice of minute quantities of other 
metalsy in imparting durability to irem, is also considered. Mr. 
Mallet devotes much-' attention to the consequences of the galvanic^ 
association of different metals with iron, a subject of recent interest' 
from the^appHcations of zinc and other metals to pilitect iron, which 








